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HERE'S THE low-head sifter you, in 
the processing industry, have been 
asking for — designed and built to 
meet your requirements! 

Take a look at the features of the 
new Allis-Chalmers Heavy-Duty 
Low-Head Gyratory Sifter! They 
show you why it does a better job of 
sifting for you . . . at lower sifting 
cost! And as proof of their popu- 
larity—merely follow the record of 
their sales into number one position 
as today’s leading sifter for the proc- 
essing industry! 

That’s why, if you have a sifting 
problem you want solved . . . and 


2. On 


COMPACT...LOW-HEAD DESIGN! 


For installation in extremely small 
space, and for location directly 
above packers for final-step re- 
moval of coarse or foreign matter. 


HEAVY-DUTY CONSTRUCTION! 
Built to operate 24 hours a day, 
year after year—with simple, prac- 
tical design, rugged construction. 


LESS POWER, LOWER MAIN- 

TENANCE! 

Allis-Chalmers advanced engi- 

neering design requires less power 
. costs less for maintenance. 


SELF-CONTAINED! 

Complete, self-contained unit . . . 
with Allis-Chalmers Lo-Mainte- 
mance Motor and Texrope Drive 
for unified responsibility. 


LARGE CAPACITY! 

30 square feet of cloth area in a 
sifter six sieves high. Handles 
two to six separations at one time. 


really solved—it will pay you to get 
the story of this new Allis-Chalmers 
sifter! 


Cleaner, More Uniform Sifting! 
For in the Allis-Chalmers low-head 
sifter, you get equipment that gives 
you cleaner, more uniform sifting ... 


2 


lower power cost . . . less maintenance 
.. longer life. What’s more, youl 
be surprised at the low price of ths 
sifter—lower than any sifter of this 
quality has ever been. 

To get the complete, money-savil$ 
facts, call the nearest Allis-Chalmes 
district office . . . or write Allis 
Chalmers, Milwaukee, for a copy ” 
Leaflet 2354. 
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FROM AN EDITORIAL VIEWPOINT 


GREETINGS! 


THis MONTH we parade our new Spring clothes. 
From head to toe—from cover to index—we have 
been redesigned for appearance, legibility and 
simplicity. Our effort has been to conserve your 
reading time, to avoid the artificiality and ex- 
cessive layouts which tend to distract the reader 
from the real facts within the articles. There are 
now more pictures on the front cover to give you 
more information about the contents of the issue. 
Even the paper and ink are new—better, more 
opaque. Nor are all the changes in form and format. 
On the pages that follow, we believe you will find 
plenty of evidence that Chem. & Met. editors are 
trying to live up to their pledge to give Chem. & 
Met. readers an increasing measure of service and 
satisfaction. How do you like it? 


IT’S IN THE AIR 


For SEVERAL YEARS we have felt that Chem. & Met. 
should publish a special section on air conditioning 
but for want of a novel and useful approach, we 
have not done so before. That novel approach has 
now been developed and its novelty checked with a 
considerable number of experts who have encour- 
aged us to attempt a very difficult task. In a 48- 
page report in this issue, Chem. & Met. editors and 
contributors have extended the concept of air con- 
ditioning to cover practically any desired combina- 
tion of gas and vapor. Thus our discussion be- 
comes directly applicable to the wide range of 
industrial problems in drying and solvent recovery, 
heating and cooling, humidifying and dehumidi- 
fying. 

Here the reader will find help on both theory 
and practice in what we believe to be a useful in- 
terpretation of fundamental knowledge and experi- 
ence. If it stimulates chemical engineers to make 
a wider application of these basie principles 
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throughout the whole range of the process indus- 
tries, Chem. & Met. editors and contributors will 
have achieved their major purpose. 


SCANDINAVIAN PULP 


THE EXTENSION of the war to the Scandinavian 
countries has put a stop to the importation of pulp 
from Europe. While it is too early to be able to 
determine how long this situation may continue 
or to what extent the geographical and political 
changes brought on by the war will affect importa- 
tions after peace returns to the world, the pulp and 
paper industry in America is already very much 
concerned. Paper manufacturers in this country 
have been depending upon Scandinavia for 20 per 
cent of their total consumption of chemical pulps 
Since these pulps cannot be obtained elsewhere the 
shortage must be made up by domestic mills. To 
the chemical industry this increased production of 
pulp will mean a correspondingly large increase in 
demand for chemicals. To chemical engineers it 
presents an opportunity not only of making the 
domestic industry temporarily self sufficient but, 
through the application of technical skill and the 
development of higher operating efficiency, of trans- 
lating this situation into a permanent asset. 


OUR OWN CONSUMER MOVEMENT 


Mucu or TuHat which is popularly known as the 
‘“consumer movement’’ is unsound, misguided and 
futile. Some of its leaders have proved to be com- 
munists, intent on destroying all of organized in- 
dustry. Others, whose technical advice is often 
quoted on consumer purchasing, come pretty close 
to racketeering in the practice of their business. 
Yet however misguided and spurious the leader- 
ship, there is a growing demand on the part of 
household buyers for more information about the 
goods they purchase. As engineers we cannot con- 
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demn in theory the practice in the home of the 
same principles that have been developed and ap- 
plied in industrial transactions. But we can help 
to make the practice more nearly conform with 
the theory. 

Recently at the Chemists’ Club in New York, a 
technical audience was told by a highly intelligent 
lady speaker that the difference between the house- 
wife’s transactions and those of her husband in 
industry was largely a matter of confidence and 
understanding. The smaller purchaser, she said, 
always regards the seller with suspicion while 
in the ease of industrial purchases, there is a com- 
mon ground of mutual understanding that dispels 
suspicion of sharp practice and unfair dealings. 
Just how safely one can generalize on such matters 
is questionable, but we can see in the lady’s argu- 
ment a beautiful case for branded merchandise. 
Isn't that, after all, one of the best means we have 
to build up recognizable values in confidence and 
good will—to dispel doubt and suspicion between 
buyer and seller? 

Closer home to those of us in chemical engineer- 
ing, however, is the growing demand on the part 
of the industrial buyer for more factual informa- 
tion about the products he buys. There is now 
more persistent questioning about specifications and 
performance and less tolerance for generalities and 
institutional claims. Most companies that advertise 
materials and equipment to engineering audiences 
are getting away from pretty girls and puppy dogs 
and substituting vital facts and figures. They realize 
that their advertisements are written for men who 
want to read about their jobs and their problems, 
not to get away from them. Publishers of reputable 
business papers and technical journals are urging 
their advertisers to ‘‘tell all’’—that is to tell all that 
the reader wants to know about the product in order 
to determine its worth to him. With such a con- 
sumer movement on the part of the industrial buy- 
ers, we can find no fault. 


FIND ROOM FOR MORE “LEARNERS” 


Many Drvisions of industry are a bit worried as 
to whether they may not be short of skilled oper- 
ators for difficult posts if the pressure of war de- 
mands should reach their plants. Many process in- 
dustries are so situated and need take account at 
this time of this possible difficulty. 

Certain chemical engineering executives are solv- 
ing this problem in a very skillful manner. They 
are taking on a larger number than usual of young 
college graduates. These young men are neces- 
sarily cubs who must be given considerable train- 
ing before they are valuable as potential staff execu- 
tives. Often they can be given such ‘‘eadet’’ ex- 
perience as learners in overalls. 

To fill such a post acceptably, a young man must 
be of good personality as well as suitably trained in 
the fundamentals of chemical engineering. He 
must be able to take an operating job under an 
old-time ‘‘practieal’’ man without becoming too 


much of a nuisance. He must be willing to learn 
just as if he were a mere high school lad at his first 
job. Most important of all, he should realize that 
while he is getting this practical experience he is 
nothing more than an operating apprentice despite 
a handsome sheepskin at home. 

And the chemical engineer who supervises these 
youngsters also has his responsibilities, as well as 
his troubles. He must make it clear to the young- 
sters that if they make good as operators they have 
something more than straw-boss jobs ahead. They 
must be given both the assurance, and the actual 
opportunity, of preparing themselves for respon- 
sible operating positions for which this routine 
with its drudgery will be a valuable experience. 
Not all of the boys will stick it out. But those who 
do, must be recognized both with salary increases 
and with tasks which will utilize some of their 
technical skill and stimulate their effort to grow in 
the job. The availability of such men for both 
operating and supervisory duties will be an accept- 
able reward to good management. 


GREEN LIGHTS FOR BUSINESS 


WASHINGTON BustNess SPOKESMEN are rubbing 
their eyes as they read the consent decree which 
defines certain price reporting activities that the 
National Container Association may now carry on. 
That trade group and the Department of Justice 
got together in a definition of prohibitive practices 
which also gives certain specific and permissive 
authorities of interest to industry in general. 

Such a step will do a great deal to encourage both 
business executives and trade association leaders. 
It is evident that Uncle Sam as policeman wants 
to inform the citizenry what they may properly 
do as well as crack them over their knuckles when 
they reach out too far in their effort to get profits 
through ‘‘improper price influences.’’ One won- 
ders whether the new Attorney General can be 
persuaded to go as far as Secretary of Commerce 
Iloover once urged on a predecessor of the ’20’s. 
At that time it was Mr. Hoover’s ambition to have 
the Department of Justice, after considered confer- 
ence with business groups, give them a green light 
on proper constructive efforts. 

No one should expect the Department of Justice 
or any other regulatory agency to make commit- 
ments that may not be revoked on the basis of new 
evidence of wrongdoing. Nor is it fair that proper 
appearing practices be allowed to continue if sec- 
ondary effects contrary to public interest develop. 
The way to handle such cases is simple. The public 
officials who have granted temporary O.K. on pro- 
cedures should be privileged to withdraw them. 
But only after notice of the withdrawal of privi- 
leges should those taking advantage of them be 
subject to either civil or criminal prosecution. It 
would seem as though a very straightforward 
business-like scheme of dealing could be set up 
within those limits. All will hope that this consent 
decree is a step in that direction. 


284 e MAY 1940 e¢ CHEMICAL & METALLURGICAL ENGINEERING 


=, 
¢ 
> 
} 
| 
be 
| 
{ 
‘ 


CHEM. & MET. REPORT ON 
Conditioning of 
Gases and Air 


TO PLANT MANAGERS, SUPERINTENDENTS 
AND CHEMICAL ENGINEERS 


To an ever increasing extent chemical engineers are having 
to deal with the psychrometric properties of mixtures of gases 
and vapors, and particularly with the means of separating 
them. Psychrometric properties of air have been studied for 
years and their understanding has led to the science of air 
conditioning. The broader view of this question, where any 
gas and vapor mixture may be considered, is not so well 
understood. The purpose of this report therefore is to show the 
fundamental principles that apply not only to air and water 
vapor, but to any gas-vapor mixture that may be met in 
processing, drying or solvent recovery. To this end, the report 
covers methods of making and using charts of psychrometric 
properties: comparisons among different types of chart; 
means of producing gas-vapor mixtures, or of separating them 
by cooling, absorption and adsorption; equipment used in the 
processing of gas-vapor mixtures; and finally a section de- 
voted to showing how the principles, methods and equipment 
described fit into specific problems in air conditioning, air 
drying and the recovery of volatile solvents other than water. 
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FROM 


Principles— 


N THIS special report Chem. & Met 
| has set itself to the task of bringing 
a measure of clarity to a subject which 
although not especially complex tends 
to be decidedly confusing to engineers 
who do not have occasion to work 
with it constantly Processes dealing 
with the properties of mixtures of 
gases with condensable vapors are en 
countered in numerous guises and these 
processes take on industrial importance 
in almost endless variety. Atmospheric 
air, with the water vapor it contains, 
is a universal experience, affecting 
human physiology and the properties 
of materials § alike Because of its 
universality, the study of air properties 
has been carried much beyond that of 
other possible atmospheres, but there 
is no fundamental difference between 
the behavior of an air-water vapor 
mixture and a mixture of, say, nitro 
gen and acetone vapor 

What we are concerned with in such 
mixtures is a combination of a gas 


such as air or nitrogen, which is far 
from its condensation point, with an 
other gas such as water or acetone 
vapor, which is by comparison near its 
condensation point We have then to 
ceal with a mixture which may change 
in the proportions of its constituents 
owing to condensation o1 vaporization 
and our problem is to determine how 
such changes take place, how they can 
be brought about and controlled 

The report that follows, therefore, 
attempts to give briet answers to the 


principal questions in industrial 


hrometry, discussing them in fou 


pss 


groups of articles Fundamental prin 
ciples of gas-vapor mixtures are taken 
up by Drs. E. J. Barta and H. J 
Garber who present four psychrometri 
charts for solvent vapors. In this 


same section a staff article contrasts 


INT R ODUCT 


Air conditioning, a term which is now so familiar that it has even been applied 
descriptively. if incorrectly, to straw hats and porous underwear, is actually new 
as engineering sciences go, for the developments which led to its general use 
took place hardly more than a quarter century ago. 


Chemical engineers like to recall that it was one of their number, Grosvenor, 
who in 1908 laid the foundations for air conditioning with the presentation of 
his paper on “Calculations for Dryer Design,” to the infant American Institute 
of Chemical Engineers, founded in that year. Grosvenor departed from meteorologi- 
cal practice in choosing the pound of dry air, rather than the cubic foot of air as 
his base, and so made possible a notable simplification in calculations. However, 


it remained for Carrier, a mechanical engineer, to foresee the full range of prac- 
tical possibilities in manipulating the composition and temperature of air. In 1911 
Carrier published his famous Rational Psychrometric Formulae, and by 1915 he had 
established his own engineering firm to put his formulae to practical use. 


But air conditioning is only one phase of what can be done with gas and vapor 
mixtures when an understanding is gained of the effects of temperature and 
pressure changes upon the mixture, or of bringing the mixture into contact with 
adsorptive agents. Air conditioning is thus a special case of the broader subject of 
Conditioning of Gases and Air which is the theme of this Chem. & Met, Report. 


It is with the idea therefore of showing this generality, and of pointing to the 
specific means employed in psychrometric processes, that this report has been 
planned and prepared. If it falls short of the aim, it is not through any lack of 
interest or cooperation on the part of the numerous authorities whose signed con- 
tributions appear on the following pages. Particularly we wish to record our 
appreciation for the assistance given by the authors of the leading article, Drs. 
E. J. Barta and H. J. Garber of the University of Cincinnati chemical engineering 
department, whose suggestions originally led to this Report.—Editors. 


the principal variations  psychro- 
metric chart forms, showing also their 
similarities and simplifying this con 
fusing matter. Dr. D. F. Othmer, in 
a third article, presents a totally new 
type of psychrometric chart. 


And Practice 


SECOND SECTION of the report as- 
A sembles a group of articles dis- 
cussing the industrially important 
methods of separating gas-vapor mix- 
tures, including condensation by re 
frigeration; by salt solutions such as 
lithium and calcium chlorides, and 
other liquids such as the glycols; by 
adsorption with such solids as activated 
carbon, silica gel and activated alu 
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mina. A comprehensive attack by Mr. 
J. C. Patterson on the problem of 
choosing among the various dehumidifi 
cation methods for particular appli 
cations concludes the section. 

\ third section comprises four ar- 
ticles dealing with the principal types 
of equipment encountered in psychro 
metric processes and includes papers on 
compression, heat exchange, gas clean 
ing and gas-liquid contacting. 

Then, to tie together the entire re- 
port, a fourth section contains a 
group of articles on applications, the 
aim of which is to show how the prin 
ciples, practice and equipment of the 
earlier articles fit together into prac- 
tical operating processes for air con 
ditioning, solvent recovery and drying. 
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Use of Psychrometric Principles 


By EDWARD J. BARTA and HAROLD J. GARBER, department of chemical engineering. 
University of Cincinnati, Cincinnati, Ohio. This comprehensive paper explains the 
applications of psychrometric data in chemical engineering processes, how such data 
for any gas-vapor mixture can be calculated and plotted, how data can be secured, 
and how they are used in the solution of a typical chemical engineering problem. 


URING the past 30 years 
D contributions have been 


the theory of psychrometric processes, 


numerous 
made to 


with particular advantage in the field 
of air conditioning. Probably because 
of the availability of air 
and water, most of the experimental 
and theoretical work has been on the 
psychrometry of these substances. al 
though it has been recognized for some 


universal 


time that similar principles apply gen- 


erally to all mixtures of gases with 
condensable vapors. Prior to 1908 
neither sufficient data nor an ade 
quate and simple mathematical plan 
for stating the properties of gas- 
vapor systems were available. In that 
year, however, Grosvenor’ first estab 
lished a rational mathematical basis 


for expressing psychrometric principles 
in chart 
ous 


form. Since that time numer 


other excellent contributions to 
the science of psychrometry have been 
made, 
At present the most frequent appli 
are in air 
although 
rapid progress is also being made in 


cations of psy chromet ry 


conditioning and drying, 


the recovery of solvents. Comfort air 
conditioning attempts to improve the 
properties of air by adjusting the final 
temperature and moisture content for 
the maximum individuals; 
and industrial air conditioning, to ob- 


comfort of 


atmospheric conditions 
For ex- 
impregnated 


tain optimum 
for materials process. 
ample, paper or fabric 
with urea-formaldehyde resins becomes 
brittle and difficult to handle after dry- 
ing unless stored and conditioned in 
an atmosphere of high humidity. In 
lithography the register of the several 
colors may be affected by atmospheric 
changes, a difficulty which is cured by 
air conditioning. Leather drying at 
high humidity and relatively low tem- 
perature is necessary to avoid unde- 
sirable effects. Similar requirements 
are met in kiln drying of lumber where 
high humidity in the initial stages is 
needed to prevent shrinkage, cracking 
and warping. 
Many industrial 
the vaporization of a liquid, such as 


processes involve 
water or a solvent, into an atmosphere 
of air or other gas. When the process 
is used to remove the liquid from a 
solid or semi-solid, it is commonly re 
ferred to as drying and, in the case 
met in the 
making of such representative products 


of removal of water, is 
as textiles, paper, leather, wood, soap, 
salt, Such 
esses require ability to compute the 


soda ash and sugar. proc- 
vapor-carrying the air as 
well as the effect of drying the stock, 
or storing the dried stock, in a con- 


power of 


Removal of organie solvents has not 


received the same attention that has 
been given to air-water vapor mix 
tures. It should be emphasized that 


any gas of relatively low boiling point, 


other than air, may be used as the 
atmosphere, which may be desirable in 
dealing with explosive or flammable 


materials. Flue gas, 
dioxide or steam, for example, may be 


When the proe 


ess employs air-vapor mixtures, 


nitrogen, carbon 
used to avoid hazard. 
how 
ever, concentrations are ordinarily 
maintained below the lower explosive 
limit, which greatly increases the prob 
lem of 

few 
solvent removal is practiced and where 
a knowledge of the psychrometric re 
lationships involved is important may 


solvent recovery. 


industries in which organic 


be mentioned. The dry cleaning in 
dustry, one of the larger users of or- 


ganie solvents, employs petroleum frac 


tions (Stoddards Solvent) to a large 
extent, and more recently substances 
such as carbon tetrachloride, trichlor- 


ethylene, and perchlorethylene. Solvent 
removal by and 
with the solvent, 
and calls for solvent recovery from the 


centrifuging 
heated air 


drying 
removes 


air for most economical operation. In 
manufacture of synthetic resin prod- 
ucts and numerous organic solid chem- 


icals ethanol is a common agent and 
again air drying is often used. Ace- 


tone, one of the solvents used in smoke- 
less powder manufacture, is vaporized 
by air drying, and the venting of the 
drying air to the atmosphere results 
in a loss of valuable solvent which for 
most economical 
recovered by a 


operation should be 


solvent recovery proe- 


All of these recoveries and many 


ess, 


others are capable of treatment by 


Use of Psychrometric Principles 
Types of Psychrometric Charts 
New Psychrometric Chart 
Condensation by Refrigeration 
Absorbent Solutions 

Lithium Chloride 

Calcium Chloride . . 
Activated Carbon Adsorption . 


Silica Gel 


Activated Alumina Adsorption 


trolled atmosphere. psyvchrometric principles, as are vola- 
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cilization of benzene in rubber manu 
facture and of gasoline in carburetion 
Recovery of mixed solvents as obtained 
in lacquer drying operations may also 
be based on psychrometric principles, 
characteristics of mixed 
fully 


vapors from 


although the 
vapors are not yet investigated 
The recovery ot vapor 
accomplished in 


Such 


gas mixtures may be 


a number of ways recovery, 


which is here referred to as dehumidi 
having the broader 


fication f the term 


meaning of separation ot any \ por 


from any gas), may be carried out by 
chemical re 


Bac h 


vivantages 


absorption, adsorption, 
action, cooling and compressing 
of these 


and disadvantages, 


methods has its 
although no at 


tempt at evaluation of the relative 


merits will be made here 


involves the removal of 


Absorption 


the volatile constituent trom the at 


mosphere by an absorbing medium 


which is brought into contact with the 
gas-vapor mixture, usually in countet 


eurrent relation Completeness of ab 


sorption is a function of the contact 


time, degree of dispersion, and concen 
constituent in 


Where the 


valuable, its 


tration of the volatile 


the gas and liquid phases 
volatile constituent 1s 


recovery from the absorbent nu Ly be 


accomplished by steam distillation, 


stripping or rectification Benzene from 
coke oven gas, propane und) = butane 
from petroleum refinery gases, and 


ethanol or acetone trom drying air are 


examples of organic vapor remoy il 


Activated Solid Adsorption 


Adsorption 
plays an important 


with activated solids 
part in the recov 
ery of organic vapors, as well as the 
from att 


mask tune 


separation of water 


| 
In part 


vapor 
the ordinary gas 


tions through the adsorptive action ofl 


wetivated carbon, which material is 
now also used to a considerable extent 
in the reeovery of organic vapors trom 
The 


adsorbents, sil 


itn spheres other 


industrial 
industrially important 
ica gel and activated alumina, are ca 


pable of adsorbing organic vapors, but 
wate! 


for the 


a speciie preterence Tor 


have 


vapor and so are used chiefly 


gases ot their eon 


With 


accomplished 


drying of air and 


tained water vapor! these ad 


sorbents, regeneration 1s 


by heating, either directly or with a 
suitable stripping medium such as 


t gases or all 


steam or ho 


Chemical removal of vapors is prac 


ticed only in the case of water vapor, 
which may be separated from the gas 
stream whieh such reagents as lime, 


ealeium chloride, phosphorus pentox- 


ide. magnesium perchlorate, and an 


hydrous copper sulphate. An interest 


ing application is the production of 


absolute ethanol by passage of the 


izeotropie vapors over anhydrous cal 
cium sulphate 

Condensation of volatile fractions in 
gaseous systems by cooling for the re 
heat is a 


moval of sensible and latent 


much used method, and _ relatively 
simple Howevet! to avoid excessive 


cooling requirements, the system must 
be one with a large amount of vapor, 
the partial pressure of which is neat 
value of the 
Proper design in the case of a dryer 
will usually assure adequate concentra 
tion, but a recirculation of the drying 


the saturation system. 


atmosphere is ordinarily necessary to 


avoid vapor loss with a reasonable 
amount of cooling. Numerous examples 
of this method are available, most im- 
portant of which is ordinary air con 
ditioning. Drying of blast furnace air, 
and of carbon dioxide for dry ice manu- 
facture, as well as the recovery of 
solvents in resin manufacture, in mak 
ing organic chemicals, in soy bean oil 
production, and in oil 


recovery from 


meat scraps and seeds, are other ex 
amples 
itself 


plishes some condensation of the vapor, 


Compression, which accom- 
is sometimes employed before refriger 


ation of the vapor-gas mixture, since 
the vapor-carrying capacity of a gas 
decreases as the total pressure of the 
Application of 


method is found in butane and propane 


system increases 


recovery, and in the drying of nitrogen- 


ivdrogen mixtures for ammonia syn 


thesis 


Gas-vapor processes generally re 


quire close attention to means for pro 


pelling the mixture and for conducting 


it from place to place. Ejectors, fans, 


blowers and compressors are em 
ployed! (see also pp. 317-18 this 
issue ed for the first purpose, and 
ducts and conduits*, for the latte 
Since heat transfer is an important 


both humidification 


and dehumidification operations of all 


characteristic of 


kinds, considerations of change in 
latent and sensible heat enter into the 
heat equip 
heating and cooling becomes 


Means for 


tion of the 


ileulations and transfer 


ment tor 
vital 


economical produe- 


cool 


required heating or 


ing elfTeect must be supplied, as well as 


suitable refrigerants and fuels, and 


media for transferring the heating or 


cooling effect to the place of use. 
Operations in which the flow of all 


materials is continuous are desirable 
mixtures of 
Although it is a 


that 


in processes involving 


gases and vapors. 


‘common impression continuous 
operation is feasible only in large scale 
production, many small scale continu 
ous operations have been made to func- 


ion satisfactorily in 
Control 


recent vears. 
of operating conditions in 
psychrometrie processes is mandatory 
for optimum results, since such 


proc 


esses depend on the desired rela 


tions of temperature, pressure, gas 


flow and humidity Temperature, fon 
instance, determines the rate of vapor 
ization and the concentration of the 
volatile constituent in the atmosphere 
The 


may be either 


pressure of vaporizing operations 


above or below atmos 
Since the total 
sure of the system and the partial 
of the volatile material de- 
termine the concentration of the latter, 


the influence of the total 


pheric pressure. pres 
pressul e 


pressure 
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later) is of 
The effect of gas flow. of 
course, is to bring the proper amount 
of atmosphere per unit of time into 
contact with the stock so as to accom 


will be discussed 


iinportance, 


(which 


plish a definite amount of evaporation. 
And the rate at which this evaporation 
can take place is determined by the 
fourth variable, humidity. 
Humidity determines the vapor pres- 
gradient and controls the final 
equilibrium liquid content in the solid. 


major 
sure 


Psychrometric Relationships 


and de 
problems it is cus 


In solving humidification 
humidification 
tomary and convenient to display the 
basic relationships used to produce the 
numerical solution in graphical form 
charts. The items 
placed on these charts are the specific 


on psy chrometric 


thermal 
dealt these are 
the properties which are most 


mass and properties of the 


mixtures with, 


since 
useful 
for solving problems. In particular, 
the items most frequently graphed on 


psychrometric charts are: 


l. Dry volume the volume occupied 
by unit mass of dry carrier gas, Va 
2. Saturated volume: the volume « 
upied by unit mass of the carrier gas 
and the vapor which saturates 
3. Humid heat the heat necessary 


effect a l-deg. elevation of the tempera 


ture of unit mass of the carrier gas and 
the vapor it carries, s. 
4. Heat of vaporization of the vapor 


which forms the liquid: the heat neces- 
sary to transform unit mass of vapor 
former from the 


liquid to the vapor 
state, 7 
». Total heat of saturation vapor 
above arbitrary reference temperaturs 
the heat necessary to transform th: 
Saturation vapor for unit 


mass ot car 
rier gas from the state at which it exist 


it the reference temperature (usually 
0 deg. F.), to its state in the saturated 
mixture, hs 

6. Total heat of saturated carrie: 
above arbitrary reference temperature 


quired t 


mass ot 


the heat re » raise the tempera 
ture of unit carrier gas and th: 
vapor which saturates it from the ; 


saturation tem- 


refer- 


ence temperature to the 
perature he 


7. Saturated humidity the mass of 
vapor carried by unit mass of carrier 
gas at saturation, Hs 

8. Percentage absolute humiditv: th: 
ratio of actual humidity to saturated 
iumidity, 100H/H 

9. Vapor pressure of the vapor! 


former: the pressure 
liquefied 
Ps 


of vapor above the 
vapor-former at equilibrium 


10. Adiabatic humidification paths: 
the locus of humidity-temperature shift 
of the gas mixture as it cools during 
senthalpic total heat) inter 
change of sensible heat of the gas mix 
ture for heat of vaporization and super 


heat of the vapor-former With the ex 


(constant 


ption of the humid heat, all of the 
tems are plotted as functions of ths 
temperature; the humid heat is plotted 


against 


humidity. 


If it is assumed that both the carrier 
gas alone and the carrier-vapor mix 


ture behave as perfect gases, the dry 


and saturated volumes are: 
359 P (t+ 460 
M 760 492 


= 0.000906 P (t + 460) M l 


t+ 460 l H, 
760 492 M m 


V, = 359 


= 0.00096 P (¢+-450)( 1 + 
M m 


Since specific heats of gas and vapor 
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Table of Symbols 


A Constant, deg. Rankine (deg. F. abs..) 

Constant, dimensionless. 

C_ Specific heat at constant pressure of 
carrier gas, B.t.u. per ib. and deg. F. 

c, Specific heat of liquid vapor-former, 
B.t.u. per lb. and deg. F. 

c, Specific heat of solid vapor-former, 
B.t.u. per lb. and deg. F. 

Cy» Specific heat at constant pressure of 
gaseous vapor-former, B.t.u. per lb. 
and deg. F. 

D, Specific energy of distortion vibration, 
B.t.u. per linkage. 

e Sensible heat for cooling or heating air- 
vapor mixture, B.t.u. 

jf Heat of fusion of vapor-former, B.t.u. 
per lb. and deg. F. 

G Total weight air-vapor mixture, lb. 

Weight dry air, lb. 


H Humidity, lb. vapor-former per lb. car- 


rier. 

H, Saturated humidity, lb. vapor-former 
per lb. carrier. 

h, Total heat of saturation vapor above 
reference temperature, B.t.u. per Ib. 
carrier. 

h, Total heat of saturated carrier above 
reference temperature, B.t.u. per lb 
carrier 

j Total heat removed from saturated air 
vapor mixture, B.t.u 

k Constant, dimensionless. 

M Molecular weight of carrier, lb. per lb 
mol 

m Molecular weight of vapor former, lb. 
per lb. mol. 

n Number of atoms per molecule, dimen- 
sionless 

P Total pressure of gas-vapor mixture, 
mm. mercury 


p Partial pressure of vapor, mm. mer- 
eury. 

p. Vapor pressure of vapor-former, mm. 
mercury. 

q Number of linkages between atoms per 
molecule, dimensionless. 

q: Number of linkages of the ith kind per 
molecule, dimensionless. 

R_ Percentage relative humidity, dimen- 
sionless. 

r [Latent heat of evaporation of vapor- 
former, B.t.u. per lb. 

s Humid heat of carrier-vapor mixture, 
B.t.u. per lb. carrier per deg. F’. 

T Temperature, deg. Rankine (deg. F. 
abs.). 

t Dry bulb temperature, deg. F. 

ty Temperature of fusion of vapor-former, 
deg. F. 

tr Reference temperature, deg. F. 

t, Adiabatic saturation temperature, deg. 


t. Wet buib temperature, deg. F. 

\ Humid volume of gas-vapor mixture, 
cu.ft. per lb. carrier. 

Va Dry volume of carrier, cu. ft. per lb. 
carrier. 

\, Saturated volume of gas-vapor mix- 
ture, cu. ft. per lb. carrier 

\'; Specific energy of valence distortion, 
B.t.u. per linkage. 

v, Molal volume of the vapor-former as a 
gas, cu. ft. per lb. mol 

vi Molal volume of the vapor-former as a 
liquid, cu. ft. per lb. mol. 

WW Vapor produced, Ib. 

w Vapor in recirculated air, lb. 

Subscripts: c, cooling; h, heating; i, spe- 
cific linkage; r, reference; 1, conditions at 
air entrance; 2, conditions at air exit 


mixtures are additive with respect to 
the components 
s=C+c,H 3 
Experimental or suitably caleulated 
values of the latent heat of vaporiza 
tion of the vapor-former are used. 
Depending on the physical state of 
the vapor-former at the reference tem 
perature, the expressions for the total 
heat take on slightly different forms. 
If the vapor former is a solid at the 
reference temperature the total heat 
of the 
reference temperature is the sum of 


saturation vapor above the 
the transition and sensible heats and 
is given by: 

h.=H, [e. (4 
The heat required to elevate the tem 
perature of unit mass of carrier from 
the reference temperature to the satur 
ation temperature is C(t,—t_), hence 
the total heat of the saturated carrier 
above the reference temperature is 

hi=C (t,—t.) +h, (5 
If the vapor-former exists as a liquid 
at the reference temperature the first 
two terms of Equation (4) are dropped 
and t, is substituted for ¢,. 

Based upon Avogadro's hypothesis 
and Dalton’s law of partial pressures, 
the molal ratio of the vapor to car- 
rier in a humid mixture is the same 
as the ratio of the respective partial 
pressures of these two components in 
the mixture. At saturation the par- 
tial pressure of the vapor-former in 
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the mixture is its vapor pressure at 
the temperature in question and the 
partial pressure of the carrier is the 
difference between the total pressure 
of the system and the vapor pressure 
of the vapor-former. Upon introducing 
the molecular weights of the two com 
ponents the molal ratio is transformed 
into the corresponding weight ratio. 
Setting the mass of the carrier gas at 
unity the definition of saturated hu- 
midity results: 
Ds m 
H, = 6 
The humidity of the system under un- 
saturated conditions in terms of the 
partial pressure of the vapor former 
and the other variables is 


The percentage absolute humidity is 
the ratio of Equation (7) to (6) or 


H p(P—p,) 
100 = 100 >. (P—p) (P— p) (S 


engineers _fre- 
make use of the quantity 
known as percentage relative humidity 
which is defined as the ratio of the 
actual partial pressure of the vapor- 


Meteorologists and 
quently 


former in the mixture to the satura- 


tion vapor pressure of the vapor- 
former at the temperature chosen 
R = 100 (p/p.,) 9) 


It is apparent upon inspecting Equa- 
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tions (8) and (9) that 
relative humidity and percentage ab 
solute humidity are not the 
quantities. If Equation (9) is in 
serted into Equation (8), an expres- 


percentage 
same 
sion results which may be used as the 


basis for the construction of 
graphs 


nomo 
interrelating relative humid- 
ity, humidity, and temperature 

R = 100 (4/H,) (P—p)/(P—p.) (10) 

Although most of the humidity 
charts which have appeared in the lit- 
erature do not have the vapor pressure 
of the vapor-former plotted, it is a 
good plan to incorporate this on the 
chart where it will be quite handy for 
oceasional ecaleulations in which it is 
required, particularly when the system 
under consideration is at a different 
pressure than that for which the chart 
is constructed. 

When dry or unsaturated carrier gas 
is passed over stock wet with vapor 
former and the system is insulated 
against heat losses and gains, a simul 
taneous adiabatic material and heat 
transfer occurs between the liquid and 
gas. A portion of the liquid vaporizes 
and superheats to the gas tempera- 
ture, the heat to accomplish this proc- 
ess being abstracted from the gas 
mixture. The result of this process 
is that the gas becomes more humid 
and colder, approaching saturation as 
the process of adiabatic humidification 
continues. The path taken by the gas 
mixture during such processes is of 
paramount importance in humidifica 
tion and dehumidification work. 

Experience has shown that as adia 
batic humidification occurs, the ther- 
mal state of the liquid shifts until 
it attains a fixed temperature desig- 
nated as the wet bulb temperature. 
humidification 
drawn on humidity charts are con- 
structed under the assumption that the 
liquid vapor-former is always at the 


The adiabatic curves 


adiabatic saturation temperature, i.e., 
the intersection of the adiabatic hu 
midification curve and the 100 per cent 
saturation curve, and that all evapora 
tion oecurs at this temperature; 
actually the wet bulb temperature may 
not be the same as the adiabatic satur- 
ation temperature. 
The locus of the family of adiabatic 
humidification curves can be obtained 
by writing the criterion for all isen- 
thalpie processes, i.e., the summation 
of the heat transferred is zero. Assum 
ing that the process is differential in 
nature, i.e., that the gas increases dH 
in humidity and decreases dt in tem- 
perature, this expression results: 
[r.t+e,, (t(—t,)] dH+[C+He,,] dt=0 (11 
Upon rearranging variables 
dH dt 

C+ Heys 
Actually all of the specific heat terms 
in the above equations are functions 


- 12 


r+ Coo 


of temperature, hence integration of 
(12) cannot be accomplished in a di- 
rect manner. Fortunately, in the 


ranges ordinarily encountered in in- 


| 
be 
‘ 
‘= 
7 
(P—p) M 


dustrial work, tne specific heats of 
both carrier and vapor former, C and 
c,,. change very little, so that it is 
possible to insert mean values in 
Equation (12) for these terms with 
slight loss in accuracy Under these 
conditions, the variables are com 
pletely separated and the integration 
may be accomplished directly. Carry 
ing out the integration between the 
variable initial conditions (H, t) and 
the adiabatic saturation values t,) 
and rearranging terms results in the 
working equations for adiabatic humi- 
dification 


H= H,— (H,+C + F 13 

where F = r,/|cy. (t— l3a 
Hyuations (13) and (13a) were used 
to construct the adiabatic humidifica 
tion curves in the charts appearing in 
the insert facing page 292. 

All of the expressions (1) through 
(13a) are perfectly general in nature 
and may be applied to any carrier gas 
and vapor-former at any total sys- 
tem pressure, provided the assump- 
tions made in their derivation are 
not transgressed. Few charts for mix- 
tures other than air and water at one 
atmosphere pressure have appeared 
in the literature. The four charts in 
the insert mentioned above are repre 
sentative psychrometric diagrams for 
more common industrial solvents. 

The temperature attained by the wet 
bulb thermometer in air-water vapor 
mixtures almost coincides with the 
adiabatic saturation temperature of 
the gas mixture. This is the result of 
the fact that the quotient of the heat 
transmission coefficient through water 
vapor films and the product of the 
humid heat of the mixture adjacent to 
the films and the mass transfer coeffi 
cient through the film is very nearly 
unity.’ Thus, the wet and dry bulb 
temperature readings for air water 
vapor mixtures give a very convenient 
means for determining the humidity 
of the air by passing down the adia- 
batic humidification curve originating 
at the wet bulb value at saturation 
and reading off the humidity which 
corresponds to the dry bulb tempera- 
ture This unusual good fortune in 
the case of air-water vapor tends to 
give the erroneous impression that the 
wet and dry bulb temperature read- 
ings for any system of carrier and 
vapor are sufficient to determine the 
humidity of mixtures by the use of 
the adiabatic humidification curves. 

The wet bulb temperature of a mix 
ture approaches the adiabatic satura 
tion temperature the more humid the 
mixture becomes with respect to the 
vapor-former \t saturation the wet 
bulb temperature and adiabatic satu 
ation temperature are the same. Thus, 
in order to use the wet and dry bulb 
temperatures to determine the humid 


ity of a mixture the wet bulb ther 


mometer should be placed in a small 
insulated saturating device in the svs- 
tem so that the reading observed is 
that in air which has been adiabatic 
290 


Intake chamber of spinning room air conditioner in Industrial Rayon Corp.'s new 
Painesville plant, which conditions 500,000 c.f.m. of fresh air 


ally saturated. Since, at saturation, 
the wet and dry bulb readings are 
alike, the accuracy of the humidity 
determination will be greater when the 
wet and dry bulb thermometers placed 
in the small saturating device read 
almost alike. For precision work, 
either the dewpoint should be deter- 
mined or the concentration of the 
vapor in the mixture should be ob 
tained by suitable chemical means. 


Constructing Humidity Charts 
In order to construct humidity charts 
the following physical quantities must 
be available: 


1. Vapor pressure data for the vapor- 


former over the temperature range to 
be ( vered 
Molecular weights of the carrié 
ind vapor in the gaseous state 
4. Specific heats of the vapor-former 
n the solid (if necessary), liquid, and 
vapor state 
+. Specific heat of the carrier gas 
Latent heat of evaporation and 
fusion (if necessary) of the vapo 
former 


Frequently only a portion of the re 
quired data can be found in the litera 
ture; in particular, information on 
vapor pressures, heats of vaporization, 
and specific heats of vapors are scanty 
In such cases, certain trustworthy in 
terpolation and calculation rules are 
quite welcome. A few of the methods 
which have been found serviceable in 
supplying missing data or augmenting 
scanty information are reviewed in the 
following paragraphs 

When the vapor pressure of a sub 
stance is known only at a few tempera- 
tures several courses of attack are 
open to approximate the Vapor pres 
sure curve: 

1. Construct the best straight line 
through ai plot of the common 
logarithm of the known vapor pres 
sures versus the reciprocal of the cor 
responding known absolute tempera- 
tures (or see Othmer’s method, page 
296 Ed This procedure is based 
upon the fact that the vapor pressure 
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of many substances can be expressed in 
the form 

log p,. = A/T +B 14) 
with sufficient precision for indus- 
trial work. Equation (14) has a 
theoretical basis in that it is derivable 
from the exact Clapeyron-Clausius 
equation and several assumptions, the 
most strenuous of which are that the 
vapor behaves as a perfect gas and 
that the heat of vaporization is con- 
stant over the temperature range for 
which the equation is applied. 

2. Construct a Diihring line plot of 
the temperatures of the vapor-former 
and a standard substance for those 
temperatures at which the vapor pres- 
sures of the vapor former and stand- 
ard substance are alike. Also con- 
struct the vapor pressure curve of the 
standard substance on this same plot. 
Since the Diihring line plots corres- 
ponding temperatures for equal vapor 
pressures, from this plot and the vapor 
pressure curve for the standard sub- 
stance, it is possible to derive the vapor 
pressure curve of the substance for 
which the data are limited. The acecur- 
acy will be high if the standard sub- 
stance is very closely related chemi- 
cally to the liquid in question.’ 

3. Construct a Cox echart® for the 
liquid, using a standard substance 
which is closely related chemically to 
the liquid in question. This is accom- 
plished by drawing a system of parallel 
vertical lines in logarithmic sequence 
covering the vapor pressure range de- 
sired and forcing the vapor pressure of 
the standard substance to be a straight 
line by drawing it in as a straight line 
on the plot. This arbitrary procedure 
results in a satisfactory temperature 
modulus and range when the line is 
constructed slightly to the left of the 
center of the sheet, with a slope of ap 
proximately unity. Having adopted 
this line as the vapor pressure curve 
for the standard substance, the result- 
ing temperature scale which is to be 
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A smaller one of 13 complete air conditioning units in Industrial Rayon’s Painesville 
plant; conditioning this plant takes up to 1,500 tons of refrigeration 


used in the chart is determined from 
the data 


for the standard substance. Upon plot- 


vapol pressure-temperat ure 


available points for the 
and 


ting the few 
question on the chart 
best 
through these points, 


liquid in 
straight line 
the 
sure curve for the liquid is derived. 
Davis” 


drawing in the 


vapor pres 


Calingaert and have discov- 
ered that when a Cox chart is con- 


ot herw ise 
the 


homologous or 
related 


structed for 


very losely compounds, 
vapor pressure curves converge to a 
common point. Thus, if the liquid in 


question is closely related to a group 
for which the common point of inter 
section of the vapor pressure curves is 
known, it is necessary to have only one 
Vapor pressure at one temperature to 
determine the vapor pressure curve fo1 
the 
boiling point of almost all 


system. In such cases, since the 
liquids is 
on hand or can be obtained, the boiling 
temperature suffices for the determina 
tion of the 


At the present writing no general ex 


vapor pressure curve, 
pression nor method has been presented 
heats of 


liquid at 


for calculating the precise 


vaporization of any any 
chosen temperature. The more service 
able 


estimate 


methods which are available to 
latent heats are based on the 
Clapeyron-Clausius equation 

dp, mr 15 

dT wv) . 
The heat of evaporation of any sub 
stance can be calculated with precision 
by the use of Equation (15) if data on 
vapor pressures, molecular dissociation, 
and molal volumes of the liquid and 
vapor are known for temperatures ove 
A modified Clapey 
ron-Clausius equation results when it 
that the molal volume of 


the liquid is negligible in comparison 


the ra nge desired. 


1 
Is assumed 


to the molal vapor volume, that the 
vapor obeys the ideal gas law, and 
that molecular weight of the vapor 


does not change: 
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T? dp, 


(16) 
mp, dT 


r = 1.99- 
rhe above equation permits calculation 
of the heat of evaporation if the vapor 


pressure data are had. However, since 


it is inconvenient to obtain the value 
of the derivative (the slope of the 
Vapor pressure temperature curve) at 


the desired temperatures, it is possible 
to avoid this step by writing a com- 
panion equation identical to (16) for 
some reference substance for which ac- 
curate vapor pressure data and heats 
This refer- 
ence substance should be similar chem- 


of evaporation are known. 


ically to the substance for which the 
the 
modified Clapeyron-Clausius equations 


data are sought. Combination of 


for the reference and working sub 
stance results in 
T? pam, dp, dT, 17 
Tr? pam dT dp, : 


If a Diihring plot is made for the tem 
peratures of the two liquids for equal 
vapor pressures, the slope of the line 
obtained is equal to the product of the 


two derivatives in (17), or 
dp. dT, 
dT dp. 


Combining Equations 


=k 18 
(17) and (18) 
a serviceable expression is obtained for 
comparing the heats of evaporation of 
the two 


liquids at temperatures at 


which the vapor pressures are equal 
mr T? 
m 


At relatively low pressures, when the 


r=kr, 


(19 


vapor behaves approximately as an 
ideal gas, Equation (19) gives results 


which are sufficiently accurate for use 
in constructing psychrometric charts. 

Recently an excellent method has 
been developed to calculate the specific 
heats of organic vapors at various tem- 
peratures.11 The method, which has a 
sound theoretical sums up the 
energies of translation, rotation, valence 


basis, 


MAY 


1940 e 


vibration, and deformation vibration of 
the molecule, as additive functions of 
the specific groupings in the molecule 


over a wide temperature range. The 
expression which applies is 
1 , (8n—6—2q) 
m 
} (20) 


where the summation indicated is to be 
applied to the different types of link- 
the vapor molecule. In the 
above expression n is the total number 
of atoms per molecule, q is the number 
of linkages between the atoms in the 
is the specific valence vi- 


ages in 


molecule, V, 
bration energy, D, is the specific de- 
formation vibration energy, and q, is 
the number of linkages of each specific 
type present. Fig. 1 gives the varia- 
tion of V, and D, of some of the com- 
moner linkages which have been de- 
termined as a function of temperature. 
The agreement of calculated values of 
specific heats of organic vapors from 
Equation (20) with experimentally de- 
termined values is usually within 3 
per cent over wide temperature ranges. 

If psychrometriec data are presented 
in terms of percentage relative humid- 
ity and temperature, it is convenient to 
convert these to the equivalent humid- 
ities when solving numerical problems. 
The may be made by the 
use of Equation (10) expressed either 
in analytical or graphical form. Fig. 2 
is such a chart for air systems 
at 1 atm. total pressure. When the 
total system pressure P is fixed, H, and 
P, become 


conversion 


water 


valued functions of 
the temperature as determined by the 
pressure curve for the 
former and Equation (6), and p be- 
comes a single valued function of H 
as specified by Equation (7). Under 
these conditions Equation (10) is made 
up of three separable functions of the 
variables H, t, and R: it 
charted for any total pressure for any 
system in the same 
hibited in Fig. 2. 


single 


vapor vapor- 


may be 


form as is ex- 


Psychrometric Problem Example 

Canvas is continuously impregnated 
with an ethanol-resin solution, 500 Ib. 
of the solution containing GO per cent 
ethanol by weight being consumed per 
hour. After impregnation, the canvas 
enters an insulated dryer at a tem per- 
ature of 70 deg. F., passing through the 
unit countercurrent to recirculated air. 
The air enters the dryer at 135 deg. 
with a humidity of 0.01 with respect 
to ethanol. The air 
leaves the dryer at 


vapor mixture 
a temperature of 
70 deg. F. and flows to the cooling con 
densation system. The canvas leaving 
the dryer has a negligible ethanol con- 
tent and is at the adiabatic saturation 
temperature of the air. No heat is 
added to or lost from the dryer. It is 


required to calculate: (a) Absolute 
humidity of the exhaust air with 
respect to ethanol; (b) weight and 


volume of air blown into the dryer; 


@ 
; 
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(ec) weight and volume of air 


out of the dryer; (d) temperati 


covery system: (e) heat remov 


recovery of the ethanol: (f 
added to the air 


the dryer; (9) 


before retu 
quantity of ethar 
covered from the condenser 
Nolution to (a Since the hi 


fication process is adiabatic, 


{ Lede, 


chart facing 


point (t,, H,) located at 
on the ethanol-air 
202, and passes along an 
humidification curve drawn | 
the nearest curve on the chart 
(135. 0.01) The 


temperature 


the point 


stops when the 
P creased to 70 deg. F 


problem; the humidity is 


‘ given by the location of the point 73 +- 300 7,690 lb. The volume of 
ep (t,, H,) (70, 0.051) located on the exit air from the dryer is equal to: 
‘ adiabatic humidification curve, and = 

corre sponds to 49 per cent of the 13.35 + 0.49 (14.22 13.35 ) = igo 

:- saturated humidity for 70 deg. F. ain cu.ft./lb Total volume leaving is 
Solution to (th) If it is assumed (7.317) (13.78 100.800 eu. ft./hr 

¥ that 100 per cent of the air is recireu Solution to (d)—The_ ethanol-air 
és lated through the system, then all of mixture must be cooled and sufficient 
: the ethanol evaporated must be carried ethanol must condense so that the resi- 
out by this air. Letting g pounds dual air-vapor mixture has a humidity 

‘3 of dry air circulating per hour and W of 0.010. It is assumed that the air 
he the total evaporation per hou vapor mixture is cooled at constant 
then g W/(H Hi 300/(0.051 humidity to the temperature of satura 

i. 0.010) 7,317 Ib. dry air per hour, tion and subsequently along the satu 
a and @ g-+ « 4017 + (7,317 ration humidity curve to such a tem 
~ | (01) 7.090 lb. total weight per perature that the desired amount of 
* hour. The volume occupied by the condensation is obtained. 

| above air may be caleulated direct ly Reading from the ethanol-air chart 
i Fig. 1--Linkage energy chart for calculating specific heats of Fig. 2—Nomograph for 
‘ organic vapors in conjunction with Eq. (20) in text 
= 20 
“, At 
| 
| 
316 +..6 — + 4 } 
80 
rf 
- 
ol4 —— 
>E 70 

oF 

Cc £ 
1.2 2b 
= + F 60 

5 oF 
5 
~ 
1.0 

= 
-50 
5 a 
Eos SE 
4 re) 40 

06} 
F390 
© 

~ 

a 

204 

2 > 20 

~ A/ tic I a 

02 Cc phatic nkage.__ 

ot q 

Ae 0 100 200 300 400 500 600 700 : 
t, Temperature, Dearees F. 

ey 292 e MAY 1940 e CHEMICAL 


blown 
iré to 
which air is cooled in the ethanol re 


ed i 
heat 
ol re 
imid 


the humid 
ity-temperature shift originates at the 
O.0O1) 
page 
adiabatl« 
parallel t« 
through 
movement 
s de 
as specified by the 
0.051 as 


from the psychrometrie chart or from 
From the chart, 
air passed into the dryers has 


the working equation. 
the hot 
a percentage humidity, dry volume and 
saturated 0.80, 15.0, and 
25.9 respectively. Hence, the volume of 
the gas at this point per pound of dry 


volume of 


air is: V, = V, + H (V, — V,)/H, 
15.0 + 0.008 (25.9-150) = 15.1 
cu. ft. per pound dry air. The working 


equation gives the same result. V, = 


0.73 (t + 460) (0.0345 0.0217H) 
0.73 (135 + 460) [0.0345 
(0.0217) (0.010) ] 15.1 cu. ft. per 


Therefore, total volume 
entering the dryer per hour = (7,317) 
(15.1) 110,500 eu. ft. per hour. 
Solution to (ce)—By an_ identical 
procedure the total weight of air leay 
ing becomes g + w + W = 7,317 


pound dry air. 


& METALLURGICAL 


directly, the temperatures correspond- 
ing to humidities of 0.051 
and 0.010 are 50.0 deg. and 10.0 deg. F. 
respectively. The air-vapor must there- 
fore be cooled to 10.0 deg. F. 

To accomplish the 
heat must be re- 
Sensible heat 


saturated 


Solution to (e) 
above condensation 
moved from the system. 
must be removed while from 
70 to 50 deg. F. and sensible and latent 
heat while cooling and condensing be- 
and 10 deg. F. Let e = 
sensible heat removed in cooling from 
70 to 50 dee. F. heat 
removed in cooling from 50 to 10 deg. 
Then e. (s) (G@) (A 
(0.258) (7.317) (70-50) 37,800 
B.t.u. per hour. This value also can be 
from the total heat 
by calculating the difference of the 
total heat at the original and final con 
dition. Thus, the total heat of 49 per 
saturated air at 70 
h, (1 — 0.49) h, 0.51 

45.4 39.0 B.t.u. per pound dry 
air: and total heat of 
at 50 deg F. = 33.8 B.t.u. per pound 


cooling 


tween 50 


and j; = total 


obtained curves 


cent deg. 


62.3 
saturated air 
dry air. Therefore, heat to be removed 
== 39.0 33.8 5.2 B.t.u. per pound 
dry air. Thus, the total sensible heat 
to be removed in cooling to 50 deg. F. 
is ; 38,000 B.t.u. per hour. 
The discrepancy between the value cal 
culated by the use of the humid 


is 5.2 X 7,317 


heat 
and the total heat curves is due to the 
error involved in reading the charts. 
Also, 


o.4) { 


33.8 


j 
7.317 200.500 B.t.u. per hour. 


interconversions between per cent 


relative and absolute humidity for air-water vapor mixtures 


Humidity, Pounds Water per Pound Dry Air 


Basis, | atm pressure 
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The total removed from the air 1s there- 
fore 37,800 + 200,500 = 238,500 B.t.u. 
per hour. 

This answer can also be obtained di- 
rectly from the chart in one step by 
calculating the difference in the total 
heat of the 49 per cent saturated air 
at 70 deg. F. and the total heat of 
the saturated air at 10 deg. F. or j 

7,317 (39.0 — 6.4) = 238,500 B.t.u. 
per hour. 

Solution to (f)—The humidity of 
the air remains constant during the 
reheating of the air to its original 
temperature of 135 deg. F. Sensible 
heat alone is transferred to the extent 


of: e, = (8) (g) (At,) = (0.2435) 
(7,317) (135-10) = 222,700 B.t.u./hr. 
Solution to (g)—The absolute hu- 
midity of the air changes from 0.051 to 
0.010 while passing through the cool- 
ing-condensing system and since no air 
is lost or gained by the system then 
the quantity of ethanol condensed must 
be equal to that evaporated in the 
dryer or W, = g (A H) = (7,317) 
(0.051 — 0.010) = 300 lb. per hour. 
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Types of Psychrometric Charts 


By EDITORIAL STAFF. A number of psychrometric charts have been analyzed to 
determine their similarities and differences, advantages and disadvantages. Thirteen 
typical charts are presented in skeleton form to facilitate the comparison and show 
how the various psychrometric properties are found from them. 


NY AIR-WATER MIXTURE has five 
A fundamental properties — tempera- 
ture, moisture content, heat content, 
volume and pressure. All of these are 
generally considered in drawing psy- 
chrometrie charts. Since most charts 
are drawn for atmospheric pressure, 
the factor of pressure may be elim- 
inated. Certain combinations of these 
properties take on special importance. 
\ir-water conditions, then, which may 
be expressed on a psychrometric chart 
are as follows: 

1. Temperature 
2. Moisture content (or vapor pres- 

sure) 

3. Heat content 

Equilibrium condition 

Adiabatic cooling paths or evap- 
oration paths 

6. Volume 


By temperature is meant, of course, 
the dry bulb temperature of the air- 
water mixture as measured with an 
ordinary thermometer. All charts use 
this property. 

Moisture content may be expressed 
as pounds or grains of water per pound 
of dry air or as pounds or grains of 
water per cu.ft. of air. The moisture 
content may also be defined by the 
vapor pressure of the moisture. Most 
charts intended for use in chemical 
engineering calculations use the first- 
named unit. The volume base is seldom 
employed and the vapor pressure scale 
is usually a supplementary scale. Dew- 
point temperatures are often shown on 
the humidity scale. 

Four kinds of heat measurements 
are shown on the psychrometric chart 
—sensible, latent, total and humid heat. 
Sensible heat is the change in heat con- 
tent brought about by a change in 
temperature alone. Therefore it is often 
measured along the temperature scale 
at constant humidity. Latent heat is 
the change of heat content produced 
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by change in moisture content. This 
quantity appears on most charts merely 
as a part of the total heat; however, 
some charts show a plot of heat of 
evaporation against temperature. Total 
heat (sum of sensible and latent heats) 
will be discussed later. Humid heat is 
nothing more than the specific heat of 
the air-water mixture and increases 
with humidity (C, = 0.238 0.48 H). 
Many charts carry a separate curve for 
it. 

The equilibrium condition is shown 
by the saturation curve, and it is an 
important feature of every chart. There 
are two systems of showing partial 
saturation (i.e. degree of superheat) 
—per cent relative humidity and per- 
centage absolute humidity. The former 
is a ratio of the partial pressure of 
the water vapor in the mixture to the 
vapor pressure of water (same as par- 
tial pressure in saturated air) at the 
same temperature. Percentage absolute 
humidity is the ratio of the weight of 
water vapor accompanying a pound of 
dry air to the weight of water vapor 
that would accompany a pound of dry 
air when saturated at the same tem- 
perature. 

Both these systems are used exten- 
sively and if used incorrectly they can 
result in serious errors either in mak- 
ing or using a chart. To complicate 
the situation some chart makers have 
named the lines on their charts incor- 
rectly. Others have used an indefinite 
term (such as percentage of humidity ) 
which does not indicate either system. 
Therefore, the user of a psychrometric 
chart should determine for himself 
whether per cent relative humidity or 
percentage absolute was used for plot- 
ting the chart. Fortunately one may 
be substituted for the other in the 
low temperature ranges—up to 80 deg. 
F.—without serious error. However, at 
higher temperatures the error may be- 
come quite large. 
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At a temperature of 212 deg. F. (at 
atmospheric pressure) strange things 
begin to happen to the humidity con- 
cept. The humidity at saturation obvi- 
ously becomes infinite because water 
can evaporate for any length of time 
without reaching a saturation point. 
Percentage humidity lines as well as 
the saturation line then become asymp- 
totic to the 212 deg. temperature line. 
Then at 212 any sample of air has zero 
percentage absolute humidity. 

Relative humidity on the other hand 
has a finite value at 212 deg. and at 
higher temperatures. Again the satura- 
tion line is asymptotic to the 212 deg. 
line. But the per cent R.H. lines cross 
the 212 line and become asymptotic to 
the temperature line representing sat- 
uration at a pressure of 14.7 divided by 
R.H. (lb. per sq.in.). 
for full explanation.) 

Almost every chart has wet-bulb tem- 
perature lines (more correctly called 
evaporation lines). If not, it may have 
adiabatic cooling lines. Some charts 
have both. Theoretically these two 
paths do not coincide. They differ by 
a slight amount due to the heat of 
the liquid water. 
tice, they are generally assumed to be 
coincident for air-water mixtures at 
low temperatures. This is one ap- 
proximation made on most charts. In 
those cases where the lines are parallel 
or nearly parallel, an evenly divided 
total heat scale may be applied at right 
angles to measure the difference in 
heat content between various adiabatic 
lines. This method is accurate where 
adiabatic lines are used and are par- 
allel. Otherwise, it involves a slight 
amount of error. 

Not all charts carry an indication 
of volume. Those that do use two 
different methods. Either volume lines 
cross the chart at intervals so they 
can be read directly as any other 
properties of the mixture; or they con- 
stitute a separate plot superimposed 
over the whole chart. Instead of vol- 
ume, PV lines may be plotted. How- 
ever, they are of little significance un- 
less saturation curves for various pres 
sures are given. Most charts are drawn 
for atmospheric pressyre thus eliminat- 
ing the pressure consideration. 

Grosvenor Chart—In’ 1908 William 
Grosvenor introduced new, prificiples to 


(See page 296 


However, in prac- 


“ 
1958 

~ 

we 
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the plotting of psychrometric charts. 
He first used the pounds-of water-per- 
pound-of-dry-air humidity concept and 
percentage absolute humidity curves 
rather than relative humidity curves. 
His has since been called the “chemical 
engineer’s system” as contrasted with 
the “mechanical engineer’s system.” 
Grosvenor’s chart plots temperature 
against humidity, has a high tempera- 
ture range and is designed primarily 
for drying calculations rather than air 
conditioning. One curve on the original 
chart which is not reproduced in the 
accompanying drawing is humid heat 
vs. temperature. More recent charts 
include humid heat vs. humidity which 
is a straight line relation. 

Garber Chart—Many modifications 
of the Grosvenor chart have been pub- 
lished since 1908. Lavine and Suther- 
land (see Chem. & Met., April 1928, 
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p. 226) used the now conventional ar- 


rangement of temperature as abscissa 
and humidity as ordinates. Their’s 
was even a higher range chart going 
up to 680 deg. F. In the first edition 
of their chemical engineering text, 
Walker, Lewis and McAdams published 
the same type of chart using a lower 
temperature range suitable for air con- 
ditioning as well as drying calcula- 
tions. (In their new edition, these 
authors have used a relative humidity 
type of chart.) One of the most re- 
cent charts of this type available in 
large size is the Garber chart, shown 
herewith. It too plots temperature as 
abscissa and humidity as ordinates. 
The original has seales for both pounds 
and grains of water per pound of dry 
air as well as a nomograph for con- 
version from humidity to relative hu- 
midity. It also has an improvement 
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over the Grosvenor chart in the form 
of a total heat scale. However, this 
property must be read from a supple- 
mentary curve rather than from the 
chart itself. An important advantage 
of all the charts described in this 
paragraph is that a line drawn between 
two points on the chart represents all 
conditions which may result from the 
mixing of air at the two different 
initial conditions. This situation will 
obtain on any chart where temperature 
and humidity are measured on evenly 
divided scales. 

Badger and McCabe—An accompany- 
ing sketch is taken from the humidity 
chart in Badger and McCabe’s chemi- 
cal engineering text. On this chart 
the axes (temperature and humidity) 
have been tilted slightly to make the 
adiabatic cooling lines straight and 
parallel. Wet-bulb temperatures then 
become approximate; however, they are 
close enough for any practical purpose. 
This arrangement enables easy scaling 
of total heat, a fact of which Badger 
and McCabe have not taken advantage. 

Goodman Chart—Another chart which 
follows the Grosvenor system for low 
temperatures is the Trane Co. chart, 
developed by William Goodman. By 
means of a number of minor compro- 
mises and approximations, this chart 
reduces the labor of making air con- 
ditioning calculations to a minimum. 
{t plots dry bulb temperature against 
dewpoint temperatures. The chart is 
used in conjunction with a transparent 
ruler with a number of auxiliary 
scales. Dry bulb temperature lines 


diverge toward the top of the chart 
so that sensible heat can be measured 
horizontally. The dewpoint scale is 
not evenly divided in order that the 
humidity scale may be evenly divided 
and vertical. Wet bulb lines are al- 
most parallel due to a compromise with 
dry bulb lines. Total heat may be 
measured perpendicular to the wet bulb 
lines on an evenly divided scale. The 
chart has the outstanding advantage 
that a straight line between two points 
not only represents intermediate con- 
ditions but its slope indicates the ratio 
of sensible to total heat change, a 
property which can be obtained only 
by using uniform scales for both sen- 
sible and total heat. Volume is de- 
termined from a separate plot. In 
spite of its approximations this chart 
produces surprisingly accurate results, 

Carrier and G-E—Now we come to 
the charts that express partial satura- 
tion (i.e., degree of superheat) in 
terms of per cent relative humidity 
rather than percentage absolute hu 
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midity. Oldest among them is the 
Carrier chart shown herewith. Car- 
rier charts are available for both low 
and high temperature ranges. This 
type of chart has the advantage that 
all its scales are conventional and 
straight-forward, enabling easy reading 
and interpolation. The General Elec- 
tric chart (also shown in the cut) is 
similar with modifications. The total 
heat scale and volume lines have been 
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applied directly to the chart eliminat- 
ing the reference curve usually em- 
ployed. 

The Parr-Baumeister chart (see cut) 
is an interesting variation of this type 
chart. It is a plot of temperature 
against total heat. This results in 
humidity lines that are straight but 
not quite parallel and at an odd angle 
with temperature. When this chart 
is turned over, it is evident that it is 
merely a Carrier-type chart with the 
humidity lines displaced to make the 
total heat lines cone out at right 
angles to temperature. Its principal 
disadvantage is low visability in the 
low temperature ranges. 

Westinghouse Chart—At this point 
let us introduce the Westinghouse Psy- 
chrograph developed by A. M. Norris. 
It is a queer-looking plot of total heat 
against sensible heat (see cut) The 
total heat lines are virtually vertical 
while the sensible heat lines have been 
placed at an angle and are labeled with 
the corresponding dry-bulb tempera- 
tures. Theoretically the dry bulb lines 
should curve slightly due to changes 
in specific heat, but this has been 
neglected with consequent slight error. 
Straight humidity lines and curved per 
cent relative humidity lines are in- 
cluded The advantage of the chart 
is that the slope of a line drawn be 
tween two points represents the ratio 
of sensible to total heat change (as 
in Trane chart). The slope of this 
line can be found by connecting the 
reference point at lower left with the 
proper heat ratio on the curved scale 
at upper right. 

Bulkeley and Hill All the above 
charts have a curved saturation line. 
Two charts that do not are the Bulke 
ley and Hill charts. The former is an 
empirical chart based on the premise 
of straight and parallel lines for sat- 
uration and relative humidity. As a 
result all scales are non-uniform. The 
vapor pressure scale is approximately 
logarithmic; the temperature scale is 
Total heat 
and humidity in various units are all 


nearly a reciprocal scale. 


read from the vapor pressure scale by 
means of conversion curves, This is 
the chart reproduced in the A.S.H.V.E 
Guide. On this chart the condition 
attained by two samples of air when 
mixed cannot be determined by draw- 
ing a straight line between the two 
initial points 

Dr. Hill’s chart, although triangular 
in shape is quite similar to Bulkeley’s. 
If it is turned so that the right angle 
is in the lower righthand corner, the 
similarity will be noted at once. The 
saturation line is straight. However 
the relative humidity lines are curved 
Wet bulb lines are likewise curved. All 
sorts of values may be read from the 
chart by reference to tables along the 
axes. Tables rather than scales are 
used to facilitate reading inasmuch 
Straight 


represent mixing con li- 


Prob the 


as all units are non-uniform 

lines do not 

tions. 
Weisselberg Chart 


most versatile of all psychrometric 
charts is the Weisselberg adaptation of 
the old Mollier air-water mixture chart. 
It is a plot of humidity against total 
heat with the total heat lines at an 
angle. <A distinction is made between 
total heat and wet bulb lines. Tempera- 
ture lines are straight but not parallel. 
Saturation curves are shown for pres- 
sures other than atmospheric. Con- 
stant PV lines constitute a feature not 
found on other charts. Upon using 
only atmospheric pressure, these lines, 
of course, become constant volume 
lines. A number of marginal lines 
(not shown on the cut) enable the 
user to determine the path of an air- 
water mixture when moisture of a 
known heat content is added, which 
is the same as the ratio of sensible 
to total heat change. An important 
consideration in using this chart is 


that total heats are based on zero at 


32 deg. F. for both the moisture and 
the air. Most charts and tables use 
heat above 32 deg. F. for the moisture 
and above zero deg. F. for the air. 
Because of its broad range, this chart 
is particularly applicable to drying 
calculations, 

Parr’s and Brooks’ nomographic psy- 
chrometrie charts are pictured to il- 
lustrate the fact that the author has 
not attempted in this brief article to 
describe all the types of psychrometric 
charts. He has merely endeavored to 
point out the similarities and differ- 
ences between some of the charts that 
have come to his attention. 

A new type of chart where relative 
humidity lines may be plotted for vari- 
ous vapors with a slight amount of 
data has been developed by Othmer 
and is described below. 


New Psychrometric Chart 


By DONALD F. OTHMER, Polytechnic Institute, Brooklyn, N. Y. This recently dis- 
covered method of plotting gas-vapor mixture data has marked advantages in 
simplicity and ease of plotting, especially where only scanty information is available. 
Its application to chemical dehydrating and solvent recovery is also considered. 


ITHER percentage absolute humidity 
E or “percentage vapor pressure” (a 
term used by A. B. Newman in 1937) 
is only a means of specifying the 
amount of moisture in the air; the first 
is the relation to the weight of vapor in 
iir at saturation, the second is the 
relation to the vapor pressure at sat- 
uration. Percentage humidity, on the 
pound per pound of dry air basis, 
obviously falls down completely at 
any temperature above the boiling 
point of water since at that tempera- 
ture the number of pounds of water 
per pound of air at saturation is, of 
course, infinite. For problems in dry- 
ing and elsewhere where temperatures 
higher than the boiling point of water 
are involved, there is thus no way of 
expressing the humidity on a per- 
centage basis, and only “percentage 
vapor pressures” are valid. When 
other problems are to be handled con- 
cerned with solvents or other liquids 
and air or other gas or gases as the 
carrier, or such problems as_ those 
involving dehydration with an aqueous 
salt solution having a lower vapor 
pressure than water, the 

” system of specifying 
air conditions is also to be preferred. 

It is interesting to show by a minor 
calculation what happens to the lines 
of per cent humidity and of per cent 
vapor pressure (relative humidity) at 
high temperatures. The equation re- 
lating the humidity of saturated air 
in pounds of moisture per pound of air 
(1) to the vapor pressure of water 
(P) in pounds per square inch is: 


percentage 
vapor pressure 


18 P 
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This is the equation of the satura- 
tion or 100 per cent line. Percentage 
humidity is the ratio on a per cent 
basis of the weight of water in the 
sample to the weight of water in sat- 
urated air. Hence the equation of a 
line of any constant per cent humidity 
(C) on a temperature-humidity plot is 

18 P 
- 

29 (14.7 —P) 

It is evident that no matter what 
the value of C is, the value of the ex- 
pression (14.7 — P) will still be zero 
and H will be infinite when P is equa! 
to the normal atmospheric pressure of 
14.7 lb. per sq.in. In other words, all 
per cent humidity lines are, therefore, 
asymptotic to the ordinate represent- 
ing the normal boiling point of water. 

On the other hand, the humidity at 
some given per cent vapor pressure 
(relative humidity) refers to the num- 
ber of pounds of moisture per pound 
of air when the partial pressure of 
water vapor is the given per cent of 
the vapor pressure of water at the 
given temperature. The equation of a 
line of any constant per cent vapor 
pressure (relative humidity) C, thus 
becomes: 


18 C.P 
H=-— - 
29 

The value of H obviously becomes 
infinite where 0,P = 14.7, i.e., where 
the partial pressure of water in the 
mixture becomes 14.7. Thus each per 
cent vapor pressure line becomes 
asymptotic to the dry bulb tempera- 
ture ordinate where the vapor pressure 
of water is equal to 14.7 divided by 
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H 
29 (14.7—P) 
} 
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the per cent in question. This rela- 


tion may also be expressed log P = log 
14.7 — log C,; and in the plot to be 


described wherein log pressures are 
used, the progressive displacement to 
the right of these ordinates when the 
lines become asymptotie follows a regu- 
lar logarithmic order. 

A useful and rapid method of plot- 
ting and using humidity and related 
charts may be developed from the 
method of plotting on log paper the 
vapor pressure “of a liquid versus the 
vapor pressure of a standard material. 
This method, disclosed at the Buffalo 
meeting of the American Institute of 
Chemical Engineers by the writer and 
to be elaborated elsewhere, shows that 
the slopes of the straight lines so ob- 
tained are proportional to the molar 
latent heats of the liquids. It is gen- 
eral in its application to (1) the or- 
dinary humidity chart of air and wa- 
ter or related charts for any volatile 
material and any carrier gas; (2) 
charts illustrating the depressed vapor 
pressure of salt solutions, ete., and 
their humidity relations with air; and 
3) charts illustrating the air-vapor re- 
lationships where the vapor is a mix- 
ture of that from two or more volatile 
iquids, 


Fig. 1 is a chart which has been 


plotted by this method for water and 
air. The additional lines associated 
with the usual humidity charts, such 
as those of the volume and of heat re- 
lations, may also be plotted on these 
coordinates; but it is felt that they 
unnecessarily complicate the picture 
and might better be presented as sepa- 
rate tables or plots. The material 
which should be included on a hu- 
midity chart includes the lines for 
percentage vapor pressures (relative 
humidities) plotted on a background 
using dry bulb temperatures for or- 
dinates and pounds of moisture per 
pound of dry air as abscissa. The ab- 
scissas also represent dew point tem- 
peratures and may be calibrated as 
well to indicate vapor pressures. There 
should also be plotted the adiabatic 
saturation lines and these are, in the 
case of water, the wet bulb lines used 
in determination of humidity by wet 
and dry bulb thermometers and for 
other psychrometric problems. Of 
somewhat more interest is the fact 
that they are also lines of constant 
enthalpy and may be so calibrated di- 
rectly as total heat above a standard 
reference temperature. 

The drafting of this chart is not dif 
ficult: 


1. A sheet of logarithmic paper has 


values for the vapor pressure of water 
indicated along the \-axis; and the tem- 
peratures corresponding to these vapor 
pressures are also indicated, thus giving 
a single line relating the vapor pressure 


and temperature The vertical dry bulb 
temperature lines are drawn from these 
temperatures. 


2. The Y-axis is calibrated for humidity 
in pounds of water per pound of dry air 
and the saturation line is plotted from 
tabulated data (“Perry's Handbook,” ete.) 
or from Equation (1), i. e., 


Mv P 


where P is vapor pressure in Ib. per sq. 
inch, My is the molecular weight of vapor, 
and Me is the molecular weight of the 
carrier gas (air in this case). For water 
and air this is H=18P/29(14.7—P). This 
saturation line is approximately straight 
and would be straight except for the 
volume considerations involved in the 
definition of humidity, wherein at the 
higher humidities the ratio of water to 
air increases extremely rapidiy. rhe 
vapor pressure line would be straight and 
have an angle of 45 deg. if plotted with 
any desired pressure units on the Y-axis; 
and the saturation line departs only 
slightly from it in the usual range 

3. The lines of percentage vapor pres- 
pressure (relative humidity) are plotted 
exactly the same shape as the saturation 
line and at distances below laid off on 
the log scale according to the per cent. 
Thus the values are laid off on the 40 deg. 
F. ordinate so that the 90 per cent line 
intersects to give a value of 90 per cent 
as much-humidity as the saturation value; 


Fig. 1—Othmer log-plot psychrometric chart for water vapor and air 
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similarly for ther temperatures ind 
humidities \ template may e drawn 
for the saturation irve and repeated for 
each of the relative partial pressure 
curves ; a series straight lines may be 
used to define this or a single straight 
line may be used at a slightly different 
angle than 45 deg Any desired method 
for reproducing the saturation line within 
the limits of accuracy desired is satis 
factory. The lines in Fig. 1 are drawn 
very slightly curved but may fe drawn 
straight with an error of only about + 1 
per cent if temperatures no higher than 


100 deg. F. are involved 

4. The lines of constant § enthalpy 
usually called the adiabatic saturation or 
cooling lines (for water they are al 
approximately the wet-bulb lines), are 
calculated from Equation (2), iL. e 


Le He 
H 2) 


where H is humidity in pounds of vapor 
per pound ot carrier gas at temperature 
t, ta is the saturation temperature, i. « 
the point where the adiabatic cooling line 
intersects the saturation line, HAH is 
saturation humidity at ts and J is the 
latent heat of water in B.t.u. per pound, 
also at te. Se and Sr are the respective 
specific heats of the carrier gas and the 
vapor For air the usual value is 0.24 
and for water 0.48 in the usual range 
considered 

The Bulkeley chart (see p. 295, this 
issue Ed.) is drawn so as to resemble 
this chart but is empirically drawn and 
its construction for other materials than 
water and air would be tedious 

The data necessary for the plotting of 
a humidity or vapor-gas chart for any 
liquid and carrier gas using the method 
shown here are thus: 

1. Vapor pressure values (For this 
method of plotting, it will be shown that 
only two points on the vapor pressure 
curve are required.) 

2. Latent heat data throughout’ the 
range in question Due to the fact that 
the latent heat of the liquid may be 
immediately determined at any tempera 
ture by the fundamental relation of the 
slope of its vapor pressure line on the 
log plot against water (as developed at 
the Buffalo A.LCh.E. convention), these 
data may be readily obtained from the 
two or more vapor pressure determina- 
tions of (1) 

3. The specific heats of the carrier gas 
and of the vapor of the liquid in tem 
perature range considered 


When plotted by this relatively sim- 
ple method using log paper as the 
background, not only are the minimum 
of data required but considerable ac 
curacy for low values of humidities is 
obtained since, due to the ratio char- 
acteristics of log paper, an equal per 
cent of accuracy is experienced for low 
humidities as for high—which is, of 
course, not the case ordinarily. 

Obviously no final chart can be more 
accurate than the data from which 
it is plotted; and vapor pressure, latent 
heat, and specific heat data, are prob 
ably not accurate for most substances 
A further 
slight inaccuracy is due to a minor as- 


closer than 1 or 2 per cent 


sumption in the above formula always 
used for calculating the adiabatic cool- 
ing lines. This, coupled with the diffi 
culty of obtaining even moderately ac 
curate engineering data relative to the 
use of a humidity chart, indicates that 
some short cuts may be made in the 
plotting of a chart leading to errors of 
a few per cent as compared to the 


accurate plot of Fig. 1. Such a de- 
gree of accuracy is sufficiently close 
onsidering limitations of data and 


usage 


There are several methods of plotting 
these humidity charts: 

I. A general humidity chart may be 
plotted which may be used as the back 
ground for any vapor in any carrier gas 
(Fig. 2.) 

1. The saturated line is drawn on log 
paper at 45 deg. and passing through 1,1: 
then 19,10 100,100, ete rhe relative 
partial pressure lines are then drawn 
parallel at the appropriate distance be- 
low, i. e. the 90 per cent line passes 
directly below at 0.9, the 80 per cent 
0.8, ete This much represents the 
humidity chart for any gas and vapor 

2. The 2 and Y-axis must next le 
ealibrated for any particular combination 
of materials Acetone and air will be 
used as an example In working with 
such a flammable combination the vapor 
‘oncentrations are usually kept below the 
lower limit of flammability, in this case 


about 2.89 per cent at 20 deg. C (22 
mm. ) Thus, the only usable part of 
the range is that below a vapor pressure 
of 22 mm The temperature scale (dry 


uulb temperatures) is laid off along the 
Y-axis in the way already described 
using the vapor pressure curve of the 
material in question. If laid off also along 
the Y-axis, the corresponding albscissas 
are, of course, dew point lines in the 
familiar chart. A vapor pressure cali- 
bration may also be retained 

In some cases, only a relatively small 
number of vapor pressure determinations 
are available for the range to be plotted, 
as, for example for acetone at low tem 
peratures. The dry ttulb temperature scale 
may be filled in by making use of a 
orollary of the log method of plotting 
vapor pressures as follows: Any liquid 
whose vapor pressures at regular tem- 
perature intervals are accurately known 
in the range to be considered has its 
vapor pressure-temperature scale laid off 
on the Y-axis and the straight line cor- 
responding to its vapor pressure in refer- 
ence to that of the original liquid is 
drawn etween the corresponding few 
points for that material Ammonia was 
hosen ; the temperature scale correspond- 
ing to vapor pressures was laid off on the 
Y-axis, and the vapor pressure line 
drawn. The numerous points of tempera 
ture from the Y-axis were projected to the 
right until intersections were reached 
with the straight vapor pressure line: 
and these intersections were then pro- 
jected down to the Y-axis to give a cali- 
bration of as many points of tempera- 
ture as desired. 

3. The lines for every percentage 
vapor pressure (relative humidity) hav- 
ing thus been drawn and the correspond 
ing dry bulb temperatures, saturation 
temperatures, dew point lines, and lines 
of constant vapor pressure having thus 
been obtained, it is necessary also to 
calibrate the Y-axis in terms of humidi- 
ties in pounds per pound of carrier gas 
This may be done empirically as in the 
case of the Bulkeley chart by calculating 
various humidities corresponding to pres- 
sures along the saturation curve and in- 
dicating these values along the Y-axis. 
In this case there is no relation between 
the values of pressure and humidity In 
the usual case, however, where only a 
relatively small total pressure of liquid is 
experienced, i. e., less than 10 per cent, 
another method may be used which will 
give results well within the accuracy of 
the vapor pressure, latent heat, specific 
heat. and other values used. The value 
for the humidity is calculated from Equa- 
tion (1) above for the mid-temperature 
on the saturation line; and the ratio be- 
tween the number of pounds per pound 
of carrier gas and the vapor pressure in 
whatever units used is olrtained This 
value is then used as a constant factor 
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for the calibration of the lines or con- 
stant humidity and in fact results in the 
simple movement of the logarithmic scale 
of the Y-axis up or down because, of 
course, such vertical addition of distance 
along any ordinate is equivalent to the 
multiplication of values on that ordinate 
by the constant factor. 

Il. Another method is useful also 
where only low total pressures of liquid 
are encountered The log sheet has the 
appropriate dry bulb temperatures cali- 
brated on the X-axis according to the 
vapor pressure curve of the liquid rhe 
correction factor for humidities in rela- 
tion to the vapor presstires is obtained, 
as before, from the mid-point of tem 
perature to be plotted on the saturation 
line The Y-axis is then calibrated in 
humidities; and the constant is multi- 
plied by the vapor pressures at the sev- 
eral dry bulb temperatures ; the points be- 
ing plotted to give a saturation line 
which is, of course, straight The lines 
of per cent vapor pressure (relative hu- 
midity) are plotted directly below at the 
correct distances, the same as before 

III. Still another method of plotting, 
that used for Fig. 1, has been described 
above and does not involve the slight in- 
accuracies of the aliove two methods in 
the use of a constant ratio between vapor 
pressure and humidities 

In all of the above cases the adiabatic 
cooling lines or lines of constant enthalpy 
are calclulated and plotted in the same 
way as mentioned above for Fig. 1. 


Dehydrating Solutions 


In the case of salts or other non- 
volatile materials dissolved in water, 
the relative partial pressure of water 
is lowered. The practical utilization 
of this phenomenon is in dehydration 
by means of a spray of such an aqueous 
solution. In this case each solution 
when in contact with air will have a 
definite vapor pressure at every tem- 
perature and this relation is the basis 
of a distinct 100 per cent vapor pres- 
sure line (saturation) line for each 
different concentration. These several 
saturation lines for different concentra- 
tions will all fall below the water 
saturation line and will become lower 
as the concentration is increased. 

In dealing with some solutions, such 
as those of common salt, the several 
vapor pressure lines for different con- 
centrations are straight and parallel to 
that of water, hence these saturation 
lines at different concentrations will 
fall in the same positions and have 
the same shape as the percentage vapor 
(relative humidity) _ lines. 
They have a vapor pressure of water 
which is lower by the same amount 
throughout the entire temperature 
range; and it follows from the log 
plot theory that there is no appreciable 
heat of solution, i.e., the latent heat of 
the water evaporated from the solu- 
tion is substantially the same as that 
of water out of pure water. 

Solutions of calcium chloride of vari- 
ous concentrations have vapor pres 
sures which, on the log plot, give a 
sheaf of straight lines. The slopes of 
these lines, multiplied by the latent 
heat of water at any given tempera- 
ture, give the iatent heat of water from 
the solution at this same tempera- 
ture. This latent heat from solution 
includes, of course, the heat of dilu- 
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Fig. 2—Log-plot psychrometric chart for acetone and air 


tion; and these lines are steeper than 
the water saturation curve. 

The most concentrated solution to 
be considered, 140 parts by weight of 
CaCl, per 100 parts water, has a slope 
of 1.1674, meaning that the heat of 
disengaging water from this solution 
is 16.74 per cent higher than for 
evaporating pure water. 

It will be noted from Fig. 3 that 
the saturation lines for the solutions 
of several different concentrations fall 
in among the percentage vapor pressure 
lines for water itself; but since they 
are not parallel to the water line, 
they do not coincide with these rela- 
tive humidity lines. 

The adiabatic cooling lines or lines 
of constant enthalpy are drawn in Fig. 
3 in relation to the saturation line for 
water itself. If the lines of various 
saturations were parallel to the water 
line, i.e., had the same latent heat as 
water, as in the above mentioned case 
of sodium chloride, for example, the 
same adiabatic cooling lines would 
Strictly, 
the adiabatic cooling lines should be 
drawn separately for any given solu- 
tion of CaCl, which is to be used in 
operation. Within minor inaccuracies, 
the adiabatic cooling lines for water 
may be used for the solutions of lower 
concentration, 


serve for all concentrations. 


An interesting application of this 
use of the adiabatic cooling lines is in 
the usual case of dehydration by means 
of such salt solutions wherein the 
point representing the relative partial 
pressure of water will fall between 
the saturation curve for water and the 
relative partial pressure line for the 
solution. The path of the operation of 
dehydrating the air may be indicated 
on the chart by the adiabatic cooling 
line on which is the point representing 
the initial condition of the air; and 
the intersection of this adiabatic line 
with the line of the solution in ques- 
tion is the terminus of the air at a 
higher temperature and lower humid- 
ity. This, of course, does not take into 
account any temperature difference of 
the solution, but neither does the or- 
dinary case of humidifying take into 
account the temperature of the water. 
In both cases this may be corrected 
for. In this dehydration operation 
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there should be included in such cor- 
rection, if necessary, the different spe- 
cific heat of the liquid as compared to 
water. 

The same relation of psychrometric 
or wet bulb lines in reference to the 
solutions may be followed in this case 
by using adiabatic cooling lines, just 
as for water in the usual case, since 
both depend on the vapor-gas charac- 
teristics, which are the same. 

It is apparent that as dehydration 
continues the concentration of the salt 
solution will change. 


Solvent Recovery 

In the case of solvent recovery by 
scrubbing, or in other cases where two 
or more volatile components are to be 
considered in relation to their vapors 
in a stream of air or other non-con- 
densable gas, this plot offers a satis- 
factory method of study and represen- 
tation. One example may be taken 
as that of the washing of the vapors of 
acetone or other water-soluble solvent 
from an air stream by means of a 
spray of water. The complications 
which arise in the graphical presenta- 
tion and solution of this problem are 
considerable. One simplifiaction may 
sometimes be made in case the air is 
recycled. Here there is always some 
water vapor carried through the dryer 
where the acetone vapor is absorbed 
and through the spray chamber where 
it is removed and thence back to the 
dryer. The amount of water vapor 
per pound of air, may be assumed to 
be uniform throughout this process; 
and thus a chart may be drawn using 
the air with whatever water vapor 
may be present as the permanent car- 
rier gas. A further simplification is 
the assumption that the liquid con- 
centration is constant, for example, at 
the discharge of the scrubbing system 
where the liquid is going to the re- 
covery still. 

The same thory as developed above 
for the partial pressure of water from 
salt solutions may now apply and the 
lines of relative partial vapor pressure 
of acetone ffom solutions of water may 
be used. The water may be regarded 
as non-volatile since the air is charged 
with water vapor by reuse; and the 
washing out of the acetone may be 
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Fig. 3—Chart for aqueous CaCl, solutions related to air 


studied as a dehumidification opera- 
tion along the adiabatic cooling lines. 
Similarly, stripping of acetone by blow- 
ing moist air through an acetone-water 
solution may be considered as a hu- 
midification operation, 

If the above suggested assumptions 
may not be made, a very complicated 
problem is presented since in the gen- 
eral case acetone may be going into the 
air while water is coming out and the 
presentation is very difficult. Further- 
more, it must be noted that the ace- 
tone-water ratio in the vapor phase 
will not be the same as the acetone- 
water ratio in the liquid in equilibrium 
therewith; but it may be approxi- 
mated by the usual vapor composition 
relations. The latent heat used in cal- 
culating an adiabatic cooling line would 
thus be that of the equilibrium mix- 
ture in the vapors rather than that of 
the liquid solution itself. The present 
chart, however, offers a basis for even 
such studies. 

The 100 per cent vapor pressure line 
for pure acetone (corresponding to the 
vapor pressure of acetone) may also 
be plotted on a chart for water-air 
such as Fig. 1. It will be a nearly 
straight line of a different slope to 
the left of the water saturation line. 
Since acetone does not form a constant 
boiling mixture with water, the vapor 
pressure lines (total vapor pressure) 
of the solutions of different amounts 
of acetone and water will fall between 
the acetone line and the water line. 
(The partial pressure lines for ace- 
tone will be straight, but will not all 
be above the saturation line for wa- 
ter). Any final concentration of ace- 
tone in water may be either selected 
or assumed as the operating conditions 
of the spray chamber in question and 
will represent the concentration of the 
liquid leaving. This line will, there- 
fore, be the 100 per cent line for what- 
ever conditions may be encountered 
in the spray chamber. The adiabatic 
cooling jines may be drawn; and it 
will be necessary to use in their cal- 
culation a value for the latent heat of 
a mixture having a composition in 
equilibrium in the vapor state with 
that of the composition of the liquid 
rather than the latent heat of the 
liquid itself. 
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Condensation by Refrigeration 


By JAMES W. HUNTER. Mechanical Engineering Dept., Pratt Institute, Brooklyn, N. Y. 
Reducing the vapor content of a gas, such as lowering the humidity of air, is most 


often accomplished by cooling the gas with refrigeration. 


The principles and methods 


of using refrigeration for this purpose, and the types of refrigeration cycles, are 


briefly reviewed here. 


EPARATION of condensable 
S from non-condensable 
most always accomplished by causing 
the condensation of the vapor. Con- 
densation is brought about either by 
cooling the gas below the saturation 
temperature of its vapor; or by bring- 
ing the gas into contact either with a 
liquid which has a lower vapor pres- 
sure of the vapor than exists in the 
with a solid having a high 
capillary attraction. In these last 
represented by absorption and 
adsorption, the vapor in the gas mi- 
grates to the material and condenses 
until the vapor pressure in the ma- 
terial attains equilibrium with the par- 
tial pressure of vapor which is present 


vapors 


gases is al- 


gas, or 


cases, 


in the gas, 

Use of refrigeration for vapor con- 
centration lowering can best be il- 
lustrated by the processes used for re- 
moving moisture from air. These meth- 
“ls include passing the air across 
passing the air 
through an air washer in contact with 
brine. The 
generally 
refrigerant, 
ooled water is circulated. 

In order to understand just what is 


cooled surfaces; or 


ooled water cooled 


surfaces are coils through 


which either a brine or 


happening in each of these processes 
we shall refer to the skeleton charts, 
Figs. 1 and 2. In Fig. 1, air with w, 
pounds of moisture (7,000 
1 lb.) at a dry bulb tempera- 
is passed across a coil or finned 
surface average surface 
temperature is ts (below the dewpoint 
corresponding to f,). For a 


vrains 
crains 
ture f, 
tube whose 
given 
velocity of air, velocity of fluid in the 
tubes and arrangement of the tubes 
there is a definite value of t¢,, the exit 
temperature of the air. At ¢, the 
moisture content is w, and we have 
removed by this process w,-w, pounds 
or grains of moisture. The moisture 
removal expressed in heat units is a 
definite proportion of the sensible heat 
removal, For air and water vapor this 


equation, according to W. L. Knaus 
(Refrig. Eng., Jan. and Feb. 1935), 
is LC/SC = 0.62 (w,-w,) /{t,-t.), where 


LC is the latent heat removal capacity 
of the coil and SC is its sensible heat 
removal capacity. 

If we are to use an air washer the 
process will be represented somewhat 
differently on the psychrometric chart. 
The short-circuiting characteristics of 
a coil prevent its producing complete 


saturation of the air, and a leaving 
relative humidity of about 90 per 
cent is usually to be expected. An air 


washer, however, can come much closer 


00 


to saturation of the air, producing a 
leaving relative humidity of 95-97 per 
cent on the average. Therefore, such 
a process is generally represented, not 
as a straight line between the initial 
and final conditions, but as a sensible 
cooling line to the saturation curve, 
followed by a reduction of moisture 
along the saturation curve. Fig. 2 il- 
lustrates this process. Air with an 
initial temperature ¢t, and a moisture 
content w, is cooled to point (a) and 
then to point (2). By reheating the 
air its final condition can be brought 
to point t, just as in Fig. 1. In 
either case, of course, reheating may 
be desired to produce such a final 
temperature such as fy, cold, 
nearly saturated air cannot be used 


since 


in some cases. 

The spray washer employs refriger- 
cold water and, as in Fig. 2, 
removes sensible heat along the line 
(1)-(a) and sensible and latent heat 
and heat of the liquid along (a)-(2). 


ated or 


Reheating adds sensible heat along 
(2)-(3). The moisture removal is 
w,-w,. If saturated air is desired, it 


is withdrawn at point (2). 
The temperature produced at point 
(2) depends, of course, upon the effi- 
ciency of the washer. rhe efficiency 
increases as the number of spray banks 
from one up to a maxi- 
The velocity of 


air through a washer is about 500 ft. 


is increased 
mum of about three. 
per min. If dust removal is important, 
scrubber plates which are simply plates 
water is flowing 
are provided at the entrance end. Elim- 
inator plates at the outlet accomplish 
removal of mechanically entrained wa- 
ter. Ordinarily about 3.5 gal. of water 
per min. per ton of 

required. (A ton of refrigerating ca- 
pacity means the removal of 200 B.t.u. 
per min., or 12,000 B.t.u. per hour.) 
In some types of washers, refrigera- 
tion coils are placed directly in the 
lower part of the spray chamber, and 


over whose surface 


refrigeration is 


The section commencing on this page 
deals with the principal methods used 
in separating gas-vapor mixtures. All 
of these methods depend upon produc- 
ing condensation of the vapor, either 
by cooling, by solution or by physical 
adsorption, each of which methods is 
covered by one or more articles. An- 
other article discusses factors entering 
into choice of a dehumidification 
method, while the last of the section 
is concerned with humidification pro- 
cesses.— Editor. 
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both spray water and air come in con- 


tact with the wetted coils. Such a 
washer is described as being equipped 
with Baudelot coils. Some engineers 
have recommended the use of about 35 
ft. of 1}-in. direct-expansion piping per 
ton of refrigeration for such a coil. 

Adiabatie cooling of air, which is 
accomplished by increasing its moisture 
content with recirculated, uncooled 
spray water along an adiabatic satura- 
tion line of the psychrometric chart, 
should not be confused with refrigera- 
tion cooling. (Adiabatic saturation 
cooling is covered on p. 316, this issue 
—Ed.) Refrigeration 
the saturation temperature results in 
no change in moisture content. Re- 
frigeration cooling to temperatures be- 
low the initial saturation temperature 
results in a decrease in moisture. 
Adiabatic cooling, on the other hand, 
is cooling at constant total heat, ac- 
complished by increasing the dewpoint 
temperature of the air. 


cooling above 


Refrigeration System 


Refrigeration for air conditioning is 
provided by direct compression sys- 
tems utilizing reciprocating or cen- 
trifugal (and occasionally rotary) com- 
pressors; steam jet refrigeration sys- 
tems; and to a small extent, by ab- 
sorption refrigeration. 

In the direct compression system any 
one of many refrigerants may be used. 
The choice depends to a considerable 
extent on the condenser pressure de- 
sired. Thus with carbon dioxide, pres- 
sures from 500 to 1,000 lb. per sq. in. 
are employed, while with some of the 
organic refrigerants used in centrifu 
gal compressors, pressures throughout 
the system are sub-atmospheric. 

Very briefly a refrigeration cycle con- 
sists in condensing the compressed re- 
frigerant with air or water cooling, 
the condensed liquid being collected in 
a receiver. The liquid then flows 
through an expansion valve into an 
evaporator where it vaporizes, the 
latent heat for the vaporization com- 
ing from the surroundings and from 
the sensible heat of the refrigerant 
liquid. The evaporator may be either 
a coil over which the air, gas, water or 
brine to be cooled is passed, or in some 
cases, it is a chamber in which the 
cooling coil for the water or brine is 
placed. After vaporization, the re- 
frigerant is delivered back to the 
compressor to complete the cycle. 

The reciprocating type of compressor 
is used for such refrigerants as car- 
bon dioxide, ammonia, and those hav- 
ing relatively small specific volume 
under the conditions of operation. The 
centrifugal compressor is now being 
widely used for refrigerants of low 
condensing pressure and high specific 
volume such as water vapor, methy- 
lene chloride and monofluorotrichloro- 
methane (F1ll). Centrifugal compres- 
sors are direct connected to steam 
turbines or electric motors. Frequently 
centrifugal condensing equipment is 
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built as a unit of compressor, con- sures, the specific volume of steam is 
denser and evaporator as in Fig. 3. great and a compressor of large volu- 
Here the refrigerant is compressed in metric capacity must be employed. For 
the centrifugal and delivered to the example, if a vacuum of 29.75 in. of 
condenser, from which the condensed mercury were maintained, the specific 
liquid drains to a float valve chamber volume of the vapor would be about 
and then to the evaporator. Here it 2,500 cu.ft. per Ib. 
rises around the tubes containing the Centrifugal compressors have been 
brine to be chilled. The refrigerant used to some extent with water vapor 
vapors pass through an eliminator and refrigeration, but the steam jet com- 
return to the compressor at a low pressor or ejector is much more com- 
pressure for recompressing and re- mon. Fig. 4 shows a schematic dia- 
eyeling. Since internal lubrication is gram of such a unit. The water to 
not required, fouling of the heat trans- be cooled passes into the evaporator, 
fer surfaces is avoided. Since units through sprays. Owing to the vacuum 
of this type often have sub-atmos- maintained by the jet, approximately 
pheric pressures at all points, in-leak- 1 per cent of the water is evaporated 
ing air and water vapor must be for each 10 deg. of cooling. The 
purged continuously. chilled water is delivered to an air 
One refrigeration scheme which has washer or cooling coil by a pump. 
found favor, particularly where ex- The vapor removed from the evapora- 
haust steam is available, is the steam tor, together with the steam used, is 
jet type. This unit may be designed condensed with a primary condenser. 
for operating at steam pressures as Secondary ejectors and condensers are 
low as 12-15 lb. per sq.in., or as high provided to remove air and non-con- 
as 125 lb. per sq.in. The steam jet densable vapors from the primary con- 
is used to reduce the pressure in a denser. The condenser discharge may 
closed container of water, which re- be used to provide hot water, and the 
sults in the evaporation of some of the system has a further advantage in 
water and the reduction of the tem- that no hazard exists from the re- 
perature of the remaining portion to frigerant and hence the equipment may 
a point corresponding to the pressure be installed at any point in the plant. 
maintained. At low absolute pres- Investment is generally less than for 


Fig. 1, Left—Schematic diagram of cooling and dehumidification with a coil 
Fig. 2, Right—Schematic diagram of cooling and dehumidification with a 
cooled spray in a spray washer 


an equivalent ammonia system. The 
determining factor in choosing a jet 
system is often the availability of 
cooling water in sufficient quantity at 
the desired temperature. Lacking mov- 
ing parts except for the pumps, this 
system is, of course, quiet in opera- 
tion. 

Absorption refrigeration appears to 
be of little interest in air conditioning 
at the present time. This method is 
used to some extent in ice manu- 
facture, and also in household re- 
frigeration. A relatively small num- 
ber of installations are used in air 
conditioning where the heat balance 
of the plant can be improved through 
the use of this method. Absorption 
refrigeration can employ exhaust steam 
or waste heat, the latter possibility be- 
ing more favorable for the absorption 
method than for steam jet refrigera- 
tion. In the absorption method, the 
compressor of the mechanical system is 
replaced by a “generator” containing 
a solution of the refrigerant. Heat 
is supplied, forcing the refrigerant 
vapor over into the condenser at suffi- 
cient pressure to cause its condensa- 
tion. 

Cooling Coils 

Coils used for cooling and moisture 
condensation in air conditioning in- 
clude pipe coils, manifolds with at- 
tached piping, and extended surface 
tubes. Cooling water allowed to drip 
on such coils will provide a wetted sur- 
face and so give better heat transfer. 
lf the direct expansion system is used, 
more refrigerant must be provided than 
in the case where an indirect system, 
using cold water or brine is used. 

Often the choice of means for apply- 
ing refrigeration hinges on the possible 


() ~ toxic effects of the refrigerant vapor 
should it escape into the conditioned 
© air. Local code requirements as to 
5 the refrigerant and system will often 
(3) : give the answer, which must otherwise 
= be determined in relation to the type 
of installation contemplated and _ its 
* intended location in the building to 
be conditioned. 
Fig. 4, Below Left—Typical set-up for 
| steam jet refrigeration 
t, t, t, t, t, Fig. 3—Diagrammatic cross section of 
Dry Bulb Temperature Carrier centrifugal refrigeration machine 
--Steam supply Conolenser. 
> --Purger 


Evaporator 
Primary Brine 
Chilled 
water Two-stage 
pump~-+ condenser --~ ina 


Water 


‘= 


Compressed 
é or 


Liquid 
retrigerant 


CHEMICAL & METALLURGICAL ENGINEERING e MAY 1940 e 


301 


4, 
. 
‘ 
4 
Py 
C 
Dewpoint 
\ A\o 
43 
’ 
2, 
\ a : 
froat 
traps 
De 


Absorbent Solutions 


By F. RUSSELL BICHOWSRY, consulting 
engineer, Ann Arbor, Mich. To pre- 
cede the more detailed discussions of 
lithium and calcium chloride solutions 
which follow this article, Dr. Bichowsky 
has been asked to prepare the follow- 
ing short comparison of materials for 
absorbing water vapor from gases. 


UITABILITY of an absorbent solution 
S for dehydration of air or gas de 
pends on the following factors l 
Relative humidity of the air that can 
be obtained using a saturated solution 
at the desired temperafure. (2) Rela 
tive humidity of the air that can be 
obtained using a solution saturated at 
the lowest temperature to which the 
The eutec 
tic temperature of the solution (4) 
The heat of dilution of the solution, 


which is known accurately only for 


apparatus is exposed (3) 


some solutions but which is approxi 
mately the same for all saline solu 
tions (5) The water capacity of the 
solution, e.g., the amount of water that 
ean be taken up by 1 Ib. of solution in 
the range between 19 and 20 per cent 
relative humidity. (6) The absorption 
coefficient which depends on the appa 
ratus but which is substantially the 
same for all electrolytic solutions 7) 
The viscosity which is known accu 
rately in only two cases, but which 
can probably be taken to be the same 
for all solutions of equal drying power. 

Other factors include: (8) The cor 
rosion due to electrolytic action. This 
is most marked where dissimilar metals 
are used in the apparatus which should 
therefore in all cases be constructed 
of electrically similar metals. (9) Oxi 
dation corrosion, which is the ordi 
nary form of corrosion due to dissolved 
air. None of these solutions is much 
worse than pure water in this respect, 
at least in the concentrations actually 
used. (10) Acid corrosion, which is 
the corrosion due to solution of the 
metal in the acid. This is severe only 
with sulphuric acid, and with zine 
chloride and calcium salts if these so 
lutions are acid. (11) Chemical sta- 
bility, a factor which is not trouble 
some for any of the usual absorbents 
at room temperature but may be so at 
the higher temperatures 

Finally, still another group of criteria 
include: (12 loxicity to foods. None 
of these solutions introduce any im- 
portant health hazards in ordinary use 
but in cases where there is chance of 
spray being carried into a foodstuff, 
precautions should be taken in the 
use of several of these agents. (13) 
Commercial availability. Several of the 
solutions concerned are patented and 
consideration should be given to this 
fact in proposed applications (14) 
Cost Absorbent solutions fall into 
three rather distinct cost groups: those 


costing less than 10 cents a pound, 
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those whose cost ranges between 10 
and 50 cents a pound and those costing 
more than 50 cents (15) Odor re 
moval Very little is known of this 
factor which is of considerable prac 
tical importance, but no one should ex- 
pect to use these solutions for air con- 
ditioning without counting also on use 
of fresh air. 

No one absorbent meets all the listed 
requirements equally, so the choice of 
an absorbent for a given use always 
involves balancing the various factors 
against each other. To assist in such 
balancing the accompanying table is 
provided, 

Except for glycerine and similar so 
lutions, absorbent systems have sub 
stantially the same thermodynamic effi 
ciency. The reason systems employing 
glycerine are less efficient’ is because 
of the small capacity of the solution 
to take up water at low relative hu- 
midity 

The various absorbents differ in the 
dryness of the air that may be obtained. 
For a majority of air conditioning pur- 
poses, air of 20 per cent relative hu 
midity is dry enough but there are 
many cases where much drier air is 
needed, particularly for chemical pu 


poses, and it is usually advisable to 
work with drying solutions at the high- 
est temperatures possible to keep cool- 
ing water consumption low. For these 
reasons there has been a tendency to 


use solutions of as great drying power 
as possible, considering the greater cost 
of these solutions. This is particularly 
true where solutions are to be used 
adiabatically as in blast furnace work 
and in adiabatic drying. 

There are other cases where higher 
relative humidities are entirely satis 
factory. In these cases calcium chlo- 
ride and its mixtures, is often entirely 
suitable. When calcium chloride can 
be used it results in considerable sav 
ing in first cost, even in standard ap- 
where standard 
apparatus is not economically justified, 


paratus. In cases 


it is often possible to use very simple 
apparatus, such as a screen-bottom bar- 
rel containing lump material, provided 
with a blower for forcing air through 
the lumps, and a tank to catch spent 
calcium chloride solution, which is 
thrown away. 

For bone dry air required in many 
chemical operations, there are still no 
better absorptive agents than sulphuric 
and phosphoric acids. 


Comparison of Various Absorbent Solutions, Sulphuric Acid and Glycerine 


Lithium Calcium Zine 
Chloride Chloride Chloride Mixture* Bromide Acid 


Relative humidity at 90 deg. F. of sat- 


Calcium- Calcium 
Lithium Chloride, Sulphuric 
Glycerine 


urated solution, per cent. . iewans ll 21 5 3 4 0 0 
Relative humidity at 60 deg. F. of sat- 

urated solution, per cent 14 7 6 7 ? 0 0 
Eutectic temperature, dex. F —0 +88 47 low low low low 
Heat of dilution B.t.u. per Ib... . 2 same same same same same low 
Water capacity per per cent relative hu- 

midity at 20 per cent relative humidity, 

per cent rath 3 3 1 1 3 0.2 
Absorption coefficient — Approximately the same for electrolytes - ? 
Viscosity —Approximately the same for solutions of equal drying power-————— 
Electrolytic corrosion bad bad bad bad bad none 
Oxidation corrosion (compared with water same same same worse worse same less 
Acid corrosion none none none none none bad none 
Chemical stability... . stable stable hydrolyzes .... aigtogs stable oxidises 
Toxicity (to foods) ... . bone none unsafe doubtful doubtful unsafe none 
Availability . . patented free free patented patented free free 
U. 8. patent number . 1,992,177 2,143,008 2,033,934 
Cost ... high low low high moderate . low moderate 
Odor removal , rere fair fair fair ? ? ? ? 


* Dow Chemical Co. patent on mixtures of lithium and calcium, chloride and bromide ions. 


Lithium Chloride 


By EDITORIAL STAFF. At present the hygroscopic salt most used for absorbing mois- 
ture from air is lithium chloride, Solutions of this material have a low vapor pressure 


of water, have a relatively low viscosity. 


and, in the concentrations ordinarily em- 


ployed, do not crystallize out at temperatures likely to be met in use. 


WING to the low relative humidities 
0 obtainable with lithium chloride in 
the form of concentrated solutions, in- 
terest in the use of this material in 
the conditioning of gases and air has 
been increasing rapidly in recent years. 
Dehydrating solutions of the concen- 
trations ordinarily employed are cap- 
able of absorbing moisture to a rela- 
tively low dewpoint even at the fairly 
high temperatures obtainable with cool- 


e MAY 1940 e CHEMICAL 


ing water from ordinary sources. City 
water, cooling tower water and evapo- 
rative condensers may be used. In most 
cases available water will be sufficiently 
cool to provide air of the desired dry 
bulb temperature and moisture reduc- 
tion without the use of auxiliary re- 
frigeration. 

An important advantage of lithium 
chloride is that, even with a high con- 
centration, solutions will not start to 
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Fig. 2—Vapor pressures of lithium chloride solutions on a water-air chart 


Plotted by Chem. € Met. from data 


of the A. S. H. V. E., 


using the Othmer 


method (see p. 296), showing boiling points of solutions at pressures up to 
atmospheric, regions in which LiCl st 
forms, vapor pressures of LiCl solutions at various temperatures, and relative 
humidity lines for air-water vapor mixtures 
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Fig. 3—Typical lithium chloride installa- 
tion for maintaining constant dewpoint 


separate crystals at the temperatures 
ordinarily encountered in use. The 
44.5 per cent solution ordinarily used 
begins to crystallize at about 67 deg. 
F. but even a serious degree of cooling, 
such as might occur in winter with the 
system shut down, will generally not 
be enough to solidify the solution in 
the pipes. Rather, a slush which is 
still pumpable will ordinarily be 
formed. A 44.5 per cent solution cooled 
to 0 deg. F. will erystallize out only 
about 15 per cent of the LiCl (as 
LiCl.2H,O) whereas a 40 per cent so- 
lution will lose only rs) per cent in cool- 
ing to this temperature. A 35 per cent 
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arts to separate in various hydrated 


solution does not commence to crystal- 
lize above a temperature of about — 16 
deg. F. 

Lithium chloride is non-poisonous, 
non-flammable and non-volatile. Ow- 
ing to the last property the only pos- 
sibility of losing LiCl from the system 
is through mechanical entrainment and 
this loss can be made minute through 
the use of proper entrainment separa- 
tors. Lithium chloride solutions of 
course have a vapor pressure of water 
at all temperatures, which property 
makes it possible to regenerate them, 
but the salt itself will not vaporize. 
Organic chemicals used for dehydration, 
on the other hand, do have a definite 
vapor pressure of their own which, al- 
though it may be too small at the tem- 
perature of use to cause appreciable 
loss of the material, may be large 
enough at the temperature of regen- 
eration to require special precautions 
to avoid loss. 

Lithium chloride solutions of useful 
concentrations have the lowest vapor 
pressure of water at normal tempera- 
tures of use of any single salt solution, 
so far as is known (although certain 
combinations of salts can produce even 
lower vapor pressures). Hygroscopic 
salt solutions can be used for the de- 
hydrating of air because, with their 
lower vapor pressure of water, the 
moisture in the air will pass to the 
solution and condense therein until the 
partial pressure of moisture in the air 
attains as a limit the vapor pressure of 
water from the solution. To examine 
this phenomenon, consider a closed ves- 
sel in which is a solution of lithium 
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Fig. 1—Final air-condition curves given 
by a typical contactor for air and LiCl 


chloride in contact with air. Assum- 
ing adiabatic conditions (i.e., that heat 
neither enters nor leaves the vessel) 
the solution will absorb moisture from 
the air until both solution and air have 
the same vapor pressure of water. How- 
ever, as water condenses in the solution, 
its heat of condensation (equal to the 
latent heat plus the heat of dilution) 
is given up to the solution, raising 
its temperature somewhat. Thus at 
equilibrium the solution is both more 
dilute than initially, and at a higher 
temperature, both of which effects raise 
its vapor pressure of water above the 
initial vapor pressure. It is evident 
therefore that to produce a predeter- 
mined vapor pressure at equilibrium 
(after absorption of moisture from the 
air) the initial temperature must be 
lower and the concentration of the 
soiution must be higher than those cor- 
responding to the final vapor pressure. 

This analysis, based on static con- 
ditions, also applies in a general way 
to the continuous flow conditions ac- 
tually employed, except that dynamic 
operation approaches but does not reach 
the conditions of equilibrium, approach- 
ing more closely as the contact area 
between air and solution, and the con- 
tact time, increase. Actual equipment 
ratings therefore depend upon design 
factors, the ratings necessarily being 
based upon the empirical results of 
actual tests. Experience indicates that 
in a properly designed contactor, end 
conditions of the air can be predicted 
with a considerable degree of accu 
racy from an examination of a vapor 
pressure curve for the strength of so- 
lution employed, plotted on a psychro- 
metric chart. Solution temperature, 
air dry bulb temperature and air mois- 
ture content all affect the final air con- 
dition. For air at constant initial 
moisture content and dry bulb tem- 
perature, a plot of the final air condi- 
tions for various solution temperatures 
will result in a line on the psychro- 
metric chart which is substantially 
parallel to the vapor pressure line for 
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the solution, but to the left of it. 
Higher solution temperatures result in 
higher final dry bulb temperatures, but 
substantially the same final relative 
humidities for the same initial air 
conditions. The higher the initial mois- 
ture content, however, the higher the 
final moisture content and relative hu- 
midity for the same solution tempera- 
ture and initial dry bulb. Fig. 1 is a 
plot showing these relations approxi- 
mately for one type of contactor when 
supplied with solution at temperatures 
from 100 deg. down to 65 deg.., for ini- 
tial air of 130, 90 and 50 grains per 
pound moisture, at dry bulbs of 95 and 
deg. 

Fig. 2°is a plot of the vapor pres- 
sures of lithium chloride solutions of 
20, 30, 35, 40, 45 and 50 per cent con- 
centration, plotted according to the new 
Othmer method shown on p. 296 of this 
issue, against temperatures from — 40 
to 320 deg. F. Thus the plot covers 
the range from the lowest tempera- 
tures that might be used, to the tem- 
peratures required for the regeneration 
of the solution. For greater accuracy 
of reading a similar type of chart can 
easily be plotted by Othmer’s method, 
either larger or for a lesser range. 
Note that the chart shows the boun 
dary line at which LiCl or its hydrates 
begin to crystallize out as the tempera- 
ture is lowered, and also shows the 
region of ice formation for the more 
dilute solutions at lower temperatures 

Just as lithium chloride solutions 
ean be used for dehydration, at higher 
temperatures they can be used for 
humidification provided that the solu 
tion vapor pressure at the existing 
temperature is greater than the par 
tial pressure of water in the air to be 
humidified. This property is of inte: 
est in that the same solution can be 
used in winter for humidification as is 
used in summer for dehydration. The 
temperature is raised so that the air is 
both heated and humidified. 

From what has been said about the 
use of solutions for controlling the mois- 
ture content of air, it will be clear 
that their ability to reduce the air 
humidity does not depend in any way 
on changing the temperature of the 
air, as does refrigeration. In fact, it 
is theoretically possible to dehydrate 
air at constant temperature by re- 
moving the heat released by the con- 
densing moisture as rapidly as formed. 
Actually this is not done and the heat 
of condensation raises the temperature 
of both the solution and the air under 
most circumstances. The net effect after 
cooling the dehydrated air is, of course, 
the same. Ability to control the dew 
point of air independent of the dry bulb 
is frequently an advantage. 

Air and lithium chloride solutions 
ean be brought into contact in various 
types of equipment providing for a 
considerable area of contact. In the 
type of equipment furnished by the Sum 
face Combustion Cor p.. the contactor is 
a chamber provided with efficient spray 


eliminators, containing a group of 
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parallel vertical plates which are 
sprayed with 44.5 per cent solution, be 
tween which the air flows. From the 
contactor the solution flows to a sump 
from which it is recirculated by a pump 
to the contactor, passing first through 
a cooler where the heat of condensation 
is removed. It will be noted from Fig. 
3 that a part of the circulated solution 
is diverted to the regenerator for re 
concentration. This part of the solu- 
tion is first passed through a heater 
where it is heated with steam to some 
such temperature as 210 deg. F. The 
hot solution is then sprayed over plates 


Calcium Chloride 


By EDITORIAL STAFF. Cheapest chemi- 
cal available for dehydrating air and 
other gases, calcium chloride has long 
attracted attention in this field. Recent 
improvements in its production and 
method of application have led to a 
more successful use of the salt. 


WING TO ITS AVAILABILITY as a 
0 cheap byproduct of the ammonia 
soda process of soda ash manufacture, 
calcium chloride (in both solid and 
solution forms) has long been of in- 
terest as a dehydrating agent for air 
and gases. 

C. R. Downs, in association with the 
Research Corp., has recently applied 
calcium chloride most effectively in 
this field. He found that by pouring 
molten caleium chloride of about 72 
per cent CaCl, into a suitable type 
of traveling mold, he could produce 
While the 


chloride is in the molten state, wetted 


uniform non-porous lumps. 


activated carbon can be dispersed in 
it to impart the additional property 
of odor adsorption. This material is 
the patented absorbent, Caloride. 
Equipment has been developed and 
patented by Downs for applying this 
material to the dehydration of air in 
both residential and industrial air con 
ditioning. The resi- 
dential unit em- 
ploys both solu- 
tion and solid ma- 
terial, to which 
the moist air is _| 
exposed in series. 
However, our main 
interest here is in 
the industrial type 


| 


= 
| | 


similar to the contactor plates between 
which regenerating air is blown. The 


air passing through the regenerator 
cools the hot solution to a considerable 
extent and picks up a high concentra- 
tion of moisture, sufficient to bring 
the bulk of the solution to its original 
concentration. This air is, of course, 
discharged outside the conditioned 
space, 

For assistance in the preparation of 
the manuscript the editors are indebted 
to E. A. Windham, air conditioning 
engineer of the Surface Combustion 
Corp., Toledo. 


urated with solution, passes through 
cooling coils, is separated by spray 
eliminators and emerges at a _ prede- 
termined lower humidity. About one- 
sixth of the solution is continuously 
withdrawn from the sump to the con- 
centrator, where it is regenerated with 
low-pressure steam and air, 

Vapor pressure relations for calcium 
chloride solutions of various concentra- 
tions are given by Othmer (see page 
298). The curves represent equilibrium 
conditions rather than the dynamic 
conditions which prevail in a continu 
ously operated unit. However, it is 
claimed that by proper design it is 
possible to approach within about 2 
per cent humidity of equilibrium con 
ditions. 

In general calcium chloride solu 
tions are best suited to higher tem- 
peratures and higher humidities. How- 
ever, for installations requiring air of 
40 per cent humidity or more, calcium 
chloride appears to be equally as suit- 
able as lithium chloride. 

One material advantage claimed by 
Downs for air dehydration with a 
liquid absorbent in contact with a cool- 
ing coil (which of course removes the 
heat of condensation and dilution as 
rapidly as formed) is the remarkable 
constancy of air outlet conditions that 
can be attained with widely varying 
inlet moisture concentration and dry 
bulb temperature. 


Calorider absorber and regenerator for use with calcium 
chloride and other absorptive liquids for the dehydration of air 


| « ---- Cond tioned 
air inlet 


exchanger 


installation, which 


uses calcium chlor- 
ide solution, recon- 


centrated as it be- 
comes diluted in 


Regenerating air inlet 


use. With the re- i 
generative cycle 
(see accompanying 
illustration), de 
hydration is per- 
formed in an air- SUMp — 5) 
liquid contactor, l€ 
vhere the air, sat Absorber Regenerator 
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erties of the adsorbent. It may be 


rials that they show from the engi- 


neering viewpoint the highest effective 


By CHARLES L. MANTELL, consulting chemical engineer, New York. In addition adsorptive capacity under conditions 
to writing on the properties and uses of activated carbon, Dr. Mantell has been asked of use, they are readily activated, and 


to introduce the subject of adsorption 


on the principal adsorbents, activated carbon, silica gel and activated alumina. 


VARIETY of solids of an essentially 
A porous nature, each with a definite 
affinity and selectivity for the adsorp- 
tion of certain vapors, has been de- 
veloped for industrial use in the re- 
covery of solvents, dehydration of gases, 
fractionation of mixed gases, deodoriza- 
tion in connection with manufacturing 
processes and air conditioning, as well 
as other applications. The commercial 
materials include a variety of clays, 
chars, activated carbons, gels, alumina, 
and silicates. Of this group, commer 
cial development and _ engineering 
adaptation as far as adsorption from 
gases is concerned has been effectively 
limited to three materials, activated 
carbon, activated alumina and silica 
gel. Information herein on activated 
carbon applies mainly to the “Colum- 
bia” brand which is marketed by Car- 
bide and Carbon Chemicals Corp. This 
carbon is a typical example. Activated 
alumina is the trade-marked product 
of the Aluminum Ore Co. while silica 
gel is made by the Davison Chemical 
Corp. 

These products are more or less 
granular in form, although in recent 
years extruded and preformed blocks 


in general, giving comparative information easy release of the adsorbate is ac- 
complished. From the viewpoint of 
power consumption when gases are 
moved through a system, all of the 
commercial adsorbents show low re- 
sistance to air or gas passage, with 
an optimum shape and size of particles 
for the particular apparatus, a long 
life in service due to high resistance to 
breakage and deterioration during use, 
which in turn is backed by uniform 
quality of material assured by close 
manufacturing control. The properties 
and applications of the solid adsorbents 
are given in Table I, where the adsorb- 
$ / ents are those of the manufacturing 
companies mentioned above. 

The more or less granular solid ad- 
sorbents are supported in beds or 
which the gas from which the vapor is 
to be adsorbed may be passed. Com 


Fig. 1—Variation of vapor pressure of 
mercially, activated alumina and silica 


activated Glumina, with water content. gel, being highly selective to water 
during dynamic adsorption from air at adsorption, are employed for dehydra- 
86 deg. F. and 90 per cent R.H. tion of air and gases as well as de- 


humidification and air conditioning. 


or rods of activated carbon, first used Activated carbon finds its major appli- 
in European practice, have found favo eation in solvent recovery, odor and 
in the United States. taste removal, and related applications. 

The adsorbent is the heart of the It is, therefore, evident that activated 
adsorption system, which must be de- carbon does not compete with activated 
signed to a greater or lesser extent alumina or silica gel. The solid ad 
around the physical and chemical prop- sorbents are ordinarily chemically 


Table I—Properties and Applications of Solid Adsorbents 


Activated 
Carbon! 
Apparent density ... 0.7-0.9 
Specific gravity..... ; 1.75-2.1 
Avg. weight, lb. per cu. ft... ' 28-34 
Avg. porosity, per cent......... 50-55 
Thermal conductivity, B.t.u. per 1 
sq. ft., hr. deg. F. and in.... 1 
Specifie heat, B.tu. per lb. and 
0.2 
Reactivation temp. range, deg. F.. Avg. 220-240 
F Special up to 575 
Activation method 
Live steam, direct contact. .... % 
Preheated gas or air........... 
Waste gas or flue pas from gas 
Embedded electrical heaters. .. 
Embedded steam coils. .... .. x 
Specific surface, sq. cm. per g 


Avg. pore Ciam., cM..........-- 
Hardness, resistance to breakage 
80-98 
Adsorptive capacity, from 
air at 25 deg. C., sat. at 0 deg. C., 
weight per 50-90 
Retentive capacity, CCls retained 
at 25 deg. C, after 6 hr. in dry 


air stream, weight per cent. . 25-40 
Service life (Aceel. chlorpicrin tes”, 

U.S.C.W.S.), minutes......... 40-65 
Heat of wetting with benzene, 

20-26 


Commercia! flow ra*es for complete 
drying of gases, cu. ft. per hr. 


Commercial gas velocities, ft. per 
20-120 
Effective bed temp., deg. F..... 40-120 


Weight adsorption of water at 
break poiut, per cent, dry basis 

Weieht of water at saturation, 
per cent, dry basis. ......... 
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Activated Activated Activated | 
Alumina * Silica Gel® Carbon! Alumina * Silica Gel? 
1.6 0.7 Applications 
25-3 .35 2.1-2.3 Drying air X x 
50 38-40 Drying non-reactive gases x x 
5} 50-65 Drying reactive gases x 
45 (200°F.) Gas and air conditioning X xX 
.0 (100°F.} i Gas concentrating (SOs) 
Petroleum vapor desulphurizing X 
0.24 0.22 Gaseous fuel drying. . xX xX 
350-600 300-350 Oil vapor adsorption (filtration xX x XY 
Solvent recovery...... xX 
Gasoline from natural gas x 
Benzene from mf'd. gas X 
X x Odor, taste removal from CO 4 
Fractionation of gases (He from 
xX xX natural gas)......... X 
xX x Stench abatement. . xX 
p x Odor removal, air conditioning . xX 
6x10* H.S adsorption xX xX x 
4710" Alcohol from fermenter gases xX 
Commercial sizes, screen mesh.. © 4-8, 6-8 2-1 in., 1-2, 2-4 
4-14, 6-14, 814 4-8, 8-14, 14-20 Various, 
10-24, 14-35 20-40. 40-80 also 
through 200 through 80 through 200 
15-35 Pressure drop for 8-14 mesh bed 
5 in. thick, in. water 
At 75 f£.p.m. lin. vel. 2.4 
2 At 50 f.p.m. lin. vel.. 1.1 
At 25 f.p.m. lin. vel... F 0.5 
Important U. Patents... 1.497 1,868,869 
1,497,544 2,015,593 
1,815,554 1,985,204 
1,985,205 
Common adgorbent arrangement 
25-50 25-75 Vertical columns.... . xX x xX 
xX 
25-100 25-100 Horizontai adsorbers xX 
32-80 40-90 xX xX xX 
12-14 10-20 ‘Typical analysis: H20, 0.5-2.5: ash, 0.5-4.0 per cent; balance C * Typical analy- 
sis: AleOs, 92; NazO <7; SiO: <0.b, TiO: <0 01 percent. + per 
20-25 40 cent SiOz. 
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Fig. 4 — Diagram of _three-adsorber 
hookup, showing steps in complete cycle 


stable, inert in character, and non 
corrosive, although design precautions 
must often be taken to protect against 
galvanic and electrolytic corrosion. 
Adsorptive efficiency is often deter 
mined in terms of vapor pressure 
obtained by dynamic methods of meas 
apparent that the 
adsorbate is taken up initially at the 
gas entrance end of the bed of solid 


adsorbent and that the adsorbent in 


urement. It is 


this section reaches its saturation point 
before adsorbate reaches the gas exit 
end of the bed As flow continues, 
more of the adsorbent bed becomes 
saturated. Eventually, in the vicinity 
of the exit end, the capacity for adsorp 
longer effective at sub 
stantially 100 per cent efficiency. \ 
variable degree of 


tion is no 
Saturation exists 
between the entrance and exit ends 
Vapor pressures may be expressed on 
the basis of the average percentage of 
adsorbate throughout the bed and the 
vapor pressure of the adsorbate in the 
exit gas. Fig. 1 is a curve for water 
adsorption by activated alumina. 

As adsorbate is taken up by the ad 
sorbent, heat is liberated This may 
be removed by various cooling methods 
so that the adsorbent reaches a normal 
equilibrium point or “break.” Adsorp 
tion continues, however, but at decreas 
until saturation is 
If the heat of adsorption be 


ing efficiency 
reached. 
not removed, a hot zone forms at the 
area of maximum adsorption. This 
hot zone follows layer by layer the 
course of adsorption from the entrance 
to the exit end of the apparatus. The 
quantity of heat liberated is dependent 
upon the concentration of the adsorb 
ate, the heat content of the gas, 
the rate of flow, frictional effects, and 
other factors. The heat liberated dui 
ing adsorption from a practical view 
point may be considered as about 
equal to the thermal requirements ne« 
essary to vaporize an equal amount of 
adsorbate during activation. 

For the same adsorbate, the total 
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weight taken up at 100 per cent em- 
ciency in a given apparatus is nearly 
independent of the initial concentration 
of adsorbate in the gas. In the case 
of activated carbon, however, the spe 
cifie capacity was found by Lamb and 
Coolidge (J. Am. Chem. Soc., 42, 1920, 
p. 146) for a number of gases and 
vapors to be very nearly proportional 
to the inverse ratio of their molecular 
volumes. Generalizations are difficult 
and misleading, as adsorption is quite 
specific, being a function of the nature 
of the gas, temperature, pressure, the 
exact characteristics of the adsorbent, 
its activity, origin, mode of prepara- 
tion, previous history, as well as the 
operating conditions in the particular 
plant and the stability or lack of sta- 
bility of such operating conditions. 

In the case of activated carbon for 
cas masks, the “service life against 
chlorpicrin” is determined on a volume 
basis and is a measure of the ability 
of the carbon to protect against sub 
stantially all which 
are not catalytically decomposed. The 


organic vapors 
high density of the carbons enables 
them to give maximum protection per 
unit of volume. The “heat of wetting” 
is believed by military authorities to 
measure the specific adsorptive power 
of the carbon and therefore to meas- 
ure the ability of the 
sorb efficiently and retain organic va- 


carbon to ad 


pors even when these vapors are pres 
ent in extremely low concentration and 
where vapor is present rhe 


“hardness” of the carbons is a meas- 


Fig. 2—Pressure drop through activated 
carbon for various meshes, bed densities 
and flow velocities 
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Table II—Weight Adsorption of Vapors 
By Various Activated Carbons 


Adsorption, 
Wat. Retentivity, 

Per Cent Wat. Per Cent 
Benzene 45-55 5.9* 
Carbon tetrachloride 80-110 27-30* 
Methy! alcohol 50 1.2 (1 hr. at 150°C) 
Ethyl alcohol. ... 50 1.05 (ditto) 
Isopropy! alcohol . . 50 1.15 (ditto) 
Sthyl acetate 57.5 4.87 (ditto) 
Acetone 51 3.0 (ditto) 
Acetic acid piee 70 2.5 (ditto) 


*1 hr. in sat. steam 


ure of their resistance to breakage or 
dusting in transportation and use. 
Activated carbons are used in rela- 
tively thick beds through which the 
vapor-laden air is passed. The larger 
preferred in order 
to keep the resistance to a minimum. 


particle sizes are 


The adsorptive capacity data given in 
the tabulation measure the ability of 
the carbons to adsorb relatively concen 
trated vapors, whereas the retentive 
capacity data measure the specific ad- 
sorptive power or ability of the car- 
bons to adsorb and retain at normal 
temperatures vapors present in low 
concentration and in the presence of 
water vapor. Both characteristics must 
be considered in determining the effec- 
tive adsorptive capacity of carbons un- 
der specific recovery conditions. The 
adsorbed vapors which are retained by 
the carbon at’ normal temperatures 
are readily released when low-pressure 
steam is introduced, approximately 3 
lb. of steam being usually required to 
Rela- 


tively high “apparent density” is im- 


remove 1 lb. of adsorbed solvent. 


Fig. 3—Pressure drop through activated 
alumina for various meshes, bed densi- 
ties and flow velocities 
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portant because it affects the size of 
carbon containers and the water ab- 
sorbing ability of the carbon. The 
hardness is important because it means 
greater resistance to breakage during 
use, and consequent long life. 

In commercial plants employing ad- 
sorption processes with solid adsorb- 
ents, the depth of bed required may 
vary from a few inches to several feet 
which, of course, affects the power con- 
sumption of the system. The charts 
of Fig. 2 give the pressure drop at 
different linear velocities and different 
bed densities in pounds per square 
foot of bed area for activated carbons 
of different meshes. Bed thicknesses 
may be calculated by dividing the bed 
densities which are in pounds per 
square foot by the weight per cubic 
foot of the adsorbent. Fig. 3 gives 
similar data for activated alumina. 

The effect of the adsorbent on the 
adsorbate is to accomplish condensa- 
tion at a temperature above that of 
saturation. The latent heat of the 
solvent vapor is given up to the ad- 
sorbent and to the unadsorbed gas or 
air. It may be necessary to cool the 
gas. Both the capacity and efficiency 
of adsorption fall off with rising tem- 
perature of the bed. Carbon does not 
selectively adsorb water vapor, so that 
little latent heat is released through 


such action. With a moist gas, less 


heating of both the exit gas and ad- 
sorbent bed occurs. When steam is used 
for regeneration, the moisture remain- 
ing in the adsorbent is evaporated ow- 
ing to its selective displacement by 
solvent vapor when adsorption is re- 
sumed. The cooling effect often makes 
a precooling period unnecessary. 

Recovery is, of course, not completed 
with adsorption. To release the ad- 
sorbate, the adsorbent must be regen- 
erated by the methods given in Table I. 
Volatized adsorbate is condensed in a 
surface or other type of condenser and 
the gas returned to the adsorbers for 
the stripping of any uncondensed ad- 
sorbate. The regenerated adsorber is 
cooled, if necessary, and returned to 
cycle. In some instances it is prac- 
ticable to accomplish regeneration at 
lower temperatures by application of 
a vacuum. The volatilized solvent can 
then be condensed in vacuo. 

Three types of arrangement of ad- 
sorbent units are in use. Two units 
generally suffice for continuous opera 
tion. Commonly a single bed or series 
of beds of adsorbent is capable of trap- 
ping all of the adsorbate. One unit is 
operated while the other is being re- 
generated. In discontinuous operations 
where there is a shut-down period of 
sufficient duration to accomplish regen- 
eration, a single unit may be sufficient 
provided that its capacity is adequate 


Silica Gel Adsorption 


By F. C. DEHLER, chemical engineer of Davison Chemical Corp., Baltimore, Md. Owing 
to its tremendous surface area and exceedingly porous structure, silica gel is a 
powerful adsorbent for water and other vapors. Especially where low humidities are 
required, this material is being used to an increasing extent. 


ISCOVERED during the World War by 

Walter A. Patrick of Johns Hop- 
kins University, silica gel has since 
found many uses that were not con 
templated for this material when it 
was developed for the Chemical War- 
fare Service for use in gas masks. 
Further progress with the material 
made since the War by the Davison 
Chemical Corp. has resulted in a prod- 
uct which has been used in the drying 
of liquids, as a catalyst carrier, in cos- 
metic and toilet preparatiens, in the 
refining of oils, but principally in the 
drying of gases and air. For this last 
purpose 6-16 mesh material is usually 
employed, but for other applications 
other ranges of mesh size down to im- 
palpable powder are produced. Silica 
gel is a dehydrated colloidal gel pro- 
duced under controlled conditions from 
sulphuric acid and sodium silicate so- 
lution. It is an extremely hard and 
inert material which does not dust in 
service and because it is chemically 
silicon dioxide, is unaffected by most 
chemicals which may come in contact 
with it. 

The adsorptive action of silica gel 


for vapors is a purely physical effect, 
the particles suffering no change in 
size or shape when they become satu- 
rated. And even when completely 
saturated the particles appear perfectly 
dry. The adsorptive property of the 
gel arises from its tremendous po- 
rosity. The dimensions of the pores 
are less than a wave length of light 
and hence sub-microscopic. Two con- 
ceptions of the internal structure have 
been advanced to account for the action. 
According to the first, silica gel is de- 
scribed as a body of sub-microscopic 
spherical silica particles piled: together 
in a homogeneous mass similar to a 
pile of lead shot. The other concept 
suggests that the gel can be considered 
to be a mass of strands of silica inter- 
twined indiscriminately and uniformly 
in all directions after the fashion of 
threads in a ball of raw cotton. Since 
the pores or capillaries are formed by 
the juxtaposition of silica particles, 
they are not of the same diameter 
throughout their length and are prob 
ably shaped like a wedge. 

An idea of the area of the pore sur- 
face of silica gel may be obtained from 
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to recover all adsorbate. For con- 
tinuous operation where a second-stage 
adsorber is needed to remove adsorbate 
completely, the three-step cycle is used. 
This consists of a group of three inter- 
connected adsorbers, two of which are 
operated on the recovery line in series, 
while the third is being regenerated. 
Fig. 4 suggests diagrammatically the 
connections used in such a setup, show- 
ing how the connections are altered 
for the three steps of the cycle. In 
any one step the first adsorber in the 
line (marked 1) is the _ partially 
charged unit which was second in the 
line in the preceding step, while the 
second adsorber (marked 2) is the unit 
which was being regenerated in the 
preceding step. Meanwhile the third 
adsorber (marked R) is undergoing re- 
generation (and cooling, if necessary). 
By this method each unit is rotated in 
turn through the three steps of re- 
generation, second stage and first stage 
adsorption. Since the exit gas from 
the final adsorber should be practically 
free of adsorbate, it can be permitted 
to go to waste. The use of two ad- 
sorption stages permits utilizing the 
ultimate adsorption capacity of each 
unit, since as the first unit on the 
line approaches capacity and rises in 
temperature, any adsorbate escaping 
will be caught by the second stage ad- 


sorber. 


the way it acts in the adsorption of 
vapors. It is known that every solid 
is capable of adsorbing gas or vapor on 
its surface to some degree, and that 
the weight adsorbed depends upon the 
nature and extent of the surface. Nor- 
mal commercial silica gel will adsorb 
approximately 50 per cent of its weight 
of water from saturated air and from 
this it has been estimated that 1 cu.in. 
contains pores having a surface of about 
50,000 sq.ft. This enormous internal 
surface and infinite number of small 
diameter capillaries attracts vapors, 
condenses them, and holds them as con- 
densed liquid in the pores or capillaries. 

The weight of any compound ad- 
sorbed on silica gel depends upon its 
partial pressure in the original gas 
mixture, the temperature of the silica 
gel and of the gas mixture, the com- 
pressability and surface tension of the 
condensed liquid, its ability to wet the 
pore surface, and the volume and shape 
of the pores. In practice, at tempera- 
tures normally experienced, silica gel 
has been found to adsorb large quanti- 
ties of liquids having boiling points 
over 50 deg. F. and to release them 
readily when the gel is heated to about 
300 deg. F. Included in this classi- 
fication are water, ethyl ether, acetone, 
alcohols, benzene, gasoline, acetates, 
etc. Silica gel also has quite an affin- 
ity for adsorbing more volatile com 
pounds such as sulphur dioxide and hy- 
drogen sulphide. 

In industrial applications, silica gel 
will adsorb vapor from a gas mixture 
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until the pores of the gel are filled to 

point where the internal vapor pres 
sure of the adsorbed liquid in the pores 
at a given temperature approaches as 
a limit the 
vapor 


partial pressure of the 
in the surrounding atmosphere 
at the same temperature. Fig. 1 shows 
the concentration of water adsorbed 
silica gel at various 
temperatures and vapor pressures. Each 
of the curves is a constant vapor pres 
sure curve for the silica gel, plotted 
for the combinations of gel tempera- 
ture and water content which will 
yield that vapor pressure. 

‘the amount of a condensable vapor 
which will be adsorbed in silica gel at 
any gel 


in a particular 


temperature increases as the 
partial pressure of the vapor in the 
gas approaches the partial pressure of 
vapor which would exist if the gas 
were saturated at the gel temperature. 
This fact will be from an 
examination of Fig. 1 along, say, the 
80 deg. F. line. Silica gel 
F. and containing 40 Ib. of water per 
100 lb. of gel has a vapor pressure of 
approximately 1 in. Hg, which is the 
partial pressure of water vapor in air 
saturated at 80 deg. F. That is, gel 
at 80 deg. F. in contact with air satu 
rated at this temperature will 
up to 40 Ib. of 
gel, as a limit. 
Note, however, the lower points along 
the 80 deg. line. Air at 80 deg., which 
would be saturated on cooling at 59 


made clear 


deg. 


adsorb 
water per 100 lb. of 


Fig. 1—Constant water-vapor pressure 
lines for silica gel, plotted against water 


content and gel temperature 
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See “Sea. 


Fig. 2—Typical outlet air temperature 
curve for activation of silica gel 
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Comparison of Adsorption of Vapors by Silica Gel at 80 Deg. F. 


Vapor 
Pressure 
Boiling at 80 
Point, Deg. F., 
Vapor Deg. F. In. Hg 
Water ‘ 212 | 
Benzene. . 177 4.1 
Ethy! ether ‘ 95 22. 
Sulphur dioxide . 14 21 
Hydrogen sulphide —76 606 
Carbon dioxide. ; 112 2,050 


Per Cent by Weight in Gel at Equilibrium at Various 


Partial Pressures in Carrier Gas 


0.5 in, 0.25 in. 0.1 in. 0.022in. 50% sat. 
31.0 16.5 10.5 7.8 31.0 
20 17 13 7 26 

13 10 7 3 18 

3 1.5 l 21" 


* Based on vapor concentration in gas of 50 per cent by volume. 


mately 0.5 in. Hg, and such air in con- 
tact with gel at 80 deg. would come to 
equilibrium with the gel at a water 
content of 31 lb. per 100 Ib. gel, for 
at this water content the gel would 
have a vapor pressure of 0.5 in. Hg, 
the same as the air. Similarly with 
air at still lower vapor pressures at 
the same temperature. For example, 
8) deg. air saturated at 7 deg. would 
have a vapor pressure of only 0.0625 
in. Hg, and gel in equilibrium with 
such air would not adsorb bevond a 
content of 8.8 lb. per 100 
On the other hand, it should 
that with air of the 
(moisture content), 


moisture 
lb. gel. 

be noted same 
increas- 
of the gel results 
in a decrease in its adsorption capacity, 
since the 


dewpoint 
ing the temperature 
same vapor pressure is at- 
tained with less adsorption. 

Thus it is clear that increased ad- 
sorption occurs the tem- 
perature and the greater the concen- 
tration of the adsorbed, 
reaching a maximum at a given tem- 


saturated 


lower the 
vapor to be 
perature when the gas is 
with vapor. 

If the gel is considered to be re- 
activated to a residual moisture con 
tent of 5 per cent, it will be evident 
that the useful concentration in the 
gel is the total minus this residual 
under the conditions of use. 

An idea of the adsorptive capacity 
of silica gel for other vapors may be 
gained from the comparisons in the 
accompanying table of water vapor ad- 
sorption with that of benzene, ethyl 
ether, and sulphur dioxide. The vapor 
pressures of carbon dioxide and hydro 
ven sulphide at 80 deg. F. are shown 
in the table to indicate that they are 
in an elevated range approaching the 


Fig. 3—Efficiency of adsorption of water 
vapor on silica gel at 77 deg. F. with 
air flow of 0.8 c.f.m. per lb. gel 
(Under isothermal conditions) 
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permanent gas state. The so-called 
permanent gases have extremely high 
vapor pressures, and they usually exist 


at low concentrations in air so that 
their corresponding pressure is low, 


therefore, the capacity of silica gel for 
them under such conditions is greatly 
reduced. Many of the corrosive gases 
and odors also have extremely high va- 
por pressures, and their partial pres- 
sure is usually low when contained i 

an atmosphere to an objectionable de- 
gree. These may be removed by adsorp- 
tion on silica gel, but the capacity of 
the gel to hold them is extremely low, 
the affinity for them being due to par- 
tial condensation in the apex of the 
gel pores, and to their solution in the 
molecular layer of water in the pores 
on the surface of the silica. 

When vapor is adsorbed on silica gel 
or a heat is lib 
erated equivalent to the latent heat 
of evaporation of the adsorbed liquid 
plus an additional amount of heat 
known as the heat of wetting. The 
sum of the latent heat plus the heat 
of wetting is the heat of adsorption. 
During adsorption the latent heat of 
the vapor is transformed into sensible 
heat which is dissipated into the ad- 
sorbent, the metal of the adsorbent con 
tainer, and the stripped gas mixture, 
and results in a rise in temperature. 

The specific heat of silica gel is 0.2 
The weight of 1 cu.ft. of the commer- 
cial product varies from 40 to 45 Ib 
depending upon the mesh size, the ap- 
parent density being between 0.65 and 
0.73. Silica gel having lower or higher 
apperent densities can be readily made, 
and in some instances it has been found 
that specially prepared products are 
desirable. 

After use, silica gel containing wa- 
ter may be regenerated or activated 
by subjecting it to an elevated tem- 
perature. The processes of adsorption 
and activation are completely reversible, 
so it is possible to use silica gel for 
an unlimited number of times without 
loss in efficiency or capacity. Activa- 
tion may be accomplished by placing 
the silica gel in an oven for several 
hours or by blowing hot air through 
it until no more moisture is given off. 
A temperature of between 300 and 350 
deg. F. is recommended for economical 
operation; however in some instances 
temperatures as low as 250 deg. F. may 
be used. Fig. 2 is typical of the outlet 
air temperature during the activation 
of a bed of silica gel when using hot 
air at 300 deg. F. The outlet tem 
deg., has a vapor pressure of approxi- 


similar adsorbent, 
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C. M. Kemp inert gas producer, with silica gel adsorber for drying the gaseous 
products of combustion 


perature of the air from the bed rises 
rapidly at the start, drops off slightly, 
and then remains fairly constant for 
the greater part of the activation period. 
When the water is practically all re- 
leased, the outlet temperature begins 
to rise rapidly, and when a tempera- 
ture in excess of 200 deg. F. has been 
reached, activation may be considered 
to be complete. Properly activated 
silica gel will contain from 5 to 6 per 
cent residual water, this is also the 
water content of the material as com- 
mercially supplied. The length of the 
activation period depends upon the rate 
at which the heat is supplied and may 
vary from a few minutes to several 
hours. 

The amount of heat required to re- 
generate silica gel varies with the 
design of the equipment, for in addi- 
tion to supplying the heat necessary 
to release the adsorbed compound from 
the gel, which is equivalent to the heat 
of adsorption, heat must be added for 
raising the temperature of the adsorb- 
ent bed and the adsorber, and to over- 
radiation losses. In the usual 
type of equipment used for dehydrating 
air at atmospheric pressures, about 
2,500 B.t.u. is required in activating air 
to release 1 lb. of adsorbed water, in- 
creasing in equipment used for treating 
gases at high pressures where the ratio 
of the weight of metal in the adsorber 
to the weight of silica gel is quite high. 
The activation air may be heated by 
any: convenient source of heat such as 
electricity, steam coils, the direct prod- 
ucts of combustion of well cleaned gas 
or clean waste heat. Activation may 
also be accomplished by subjecting the 
adsorber to a vacuum while heat is 
applied, either internally or externally 
or both, by means of electric elements 
or steam coils, but in practice the hot 
air method has been found to be more 
satisfactory and is normally 
mended. 

If the saturated silica gel contains 
valuable solvents other than water that 
are to be recovered, steam at a tem- 


come 


recom- 
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perature of at least 275 deg. F., prefer- 
ably in excess of 300 deg. F., should be 
passed through the bed. The effluent 
mixture of released solvent and escap- 
ing steam is condensed and fraction- 
ated, if necessary, to produce a pure 
product of the desired concentration. 
In the case of compounds that are 
miscible in water, approximately 3 lb. 
of sweeping steam is required per pound 
of adsorbed material, while only about 
1 lb. is necessary when the product is 
not miscible in water. After desorp- 
tion is completed, the gel must be 
activated for further use with hot air 
as above to drive out the sweeping 
steam that has been adsorbed, the 
weight of which corresponds to the 
equilibrium concentration for water 
in gel at a temperature which usually 
approaches the steam temperature. 

Silica gel may be employed in either 
static or dynamic adsorption. An ex- 
ample of static adsorption is the drying 
of the air in containers used for ship- 
ping or storing equipment or products 
to prevent moisture damage by cor- 
rosion, mildew or mold (see Chem. & 
Met., p. 775, Dee. 1939). In dynamic 
adsorption applications, the air or gas 
mixture containing the condensable 
vapors is passed through one or more 
layers or beds of silica gel. The curves 
in Fig. 3 show the results of dynamic 
adsorption of water vapor under the 
specific constant temperature conditions 
noted. As shown by the curves, the 
gel removes practically all of the water 
vapor until a break point is reached, at 
which the efficiency of removal begins 
to decrease. The efficiency of removal, 
after the break point, falls. off until 
the gel is completely saturated, that is 
when the silica gel is in equilibrium 
with air having a moisture content 
corresponding to that of the entering 
air. Results in operation will vary 
from those shown as the several condi- 
tions influencing adsorption vary, 

In commercial installations treating 
large volumes of air or gases at sub- 
stantially atmospheric pressure, where 
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Silica gel adsorption unit equipped for 
group operation of valves 


filter or 
Wet air Seporator 
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Thermometer - 
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Thermometer. 


Activating air out 
Activating air in 


Fig. 4—Schematic diagram of 


typical 
two-adsorber silica gel unit 


only a moderate degree of dryness is 
required as in comfort air conditioning 
systems, the rate of flow through the 
gel is often in excess of 10 cu. ft. of air 
or gas per minute per pound of silica 
gel, while in process work where ex- 
treme dryness is required and where 
the units may be operated at very high 
pressures, the rate of flow may be less 
than 1 cu. ft. per minute per pound. 
In many industrial drying problems 
it is difficult to find conclusive data on 
which to base dryness requirements. 
In such cases the equipment is often 
designed to dry down to the minimum 
moisture content that might possibly 
be required, and to make provisions 
for admitting untreated moist air to 
the dry air stream so that the moisture 
content of the mixture may be varied 
until the optimum degree of dryness is 
determined. This can readily be ac- 
complished in most instances by means 
of the silica gel without 
materially increasing the weight of 
installed silica gel or the operating 
the latter being practically pro- 
portional to weight of water adsorbed. 
As the action of silica gel is prac- 
tically instantaneous under dynamic 
adsorption conditions, the length of the 
adsorption period may be arbitrarily 
established. If automatic operation is 


process 


cost, 
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desired the cycle may be only a few 
minutes in length, yet in applications 
such as breathers on oil storage tanks 
or electrical equipment, the adsorption 
period may be of several weeks or even 
months duration. Equipment of the 
manually 
operated type usually consists of two 
which is 
treating the air while the other is being 


activated. In 


automatic or continuous 


or more adsorbers, one of 


some instances where 


extremely dry air is required the air 


being treated is passed through two or 


series 


adsorbers in with inter- 
coolers between them to remove the heat 


more 


of adsorption, thereby improving both 
the efficiency and capacity of the silica 
gel in the adsorber. In such 
cases it is often wise to cool the hot 
gel after activation down to the work- 
ing temperature before it is returned 
to the adsorption part of the eyele. 

Any volume of air or other 
gas may be dehydrated with silica gel 


second 


desired 


at any pressure, down to dew points be- 
low minus 60 deg. F. 


Activated Alumina Adsorption 


By G. L. SIMPSON, vice president and general manager, Pittsburgh Lectrodryer Corp., 
Pittsburgh, Pa. This material, a development of the last few years, has gone actively 
ahead in a wide variety of applications and is producing extremely low humidities. 


RYING AIR, liquids and 
D means of activated alumina is ac- 
cepted widely as a tool of industry. In 
connection with this activity, there is 


gases by 


some demand for data on adsorptive 
properties under varying operating 
conditions. The manufacturers of ac 


tivated alumina have published infor 
mation on the total capacity of activ 
ated alumina and its practical capacity 
undet condi- 
tions. its total capacity 


some typical operating 
For example 
saturated air is 20 to 


When dry 


in 90 per cent 


25 per cent of its weight. 


ing alr, 0) per cent saturated and 
maintained at 30 deg. C., it will ab 
sorb 12 to 14 per cent of its weight 


of moisture while reducing the dew 


point to below 76 deg. C., i.e., to less 
than 0.0000008 gram per liter. Similar 
data (Ind. Eng. Chem., 1939, 


p. 866) are given on the drying of 


July 


typical organic liquids under practical 
dynamic conditions. 

At the present time few reliable or 
usable data relating to the performance 
under a 


of any adsorbent 


practical 
the literature. This is because of the 


number of 


variety of 
conditions are availabie in 


large variables which in 


fluence the capacity of an adsorbent 
under conditions. 
It will be made apparent that calcula- 
tions on the performance of any adsorb 


of fam 


ilies of curves which involve all of the 


practical operating 


ent require the co-ordination 
major variables; also that calculations 
from isolated laboratory data may lead 
understanding 
of this may be obtained from a discus 


to serious errors. An 
sion of the influence of relative humid- 
ity, for, as is well known, the relative 
humidity of a gas being dried has as 
influence on the ca- 


much (or more) 


pacity of adsorbents or absorbents as 
factors such as flow 


depth, 


any of the other 


rate, contact time, adsorbent 
surface exposed and particle size. 
In drying a gas, heat is liberated as 
soon as the first traces of moisture are 
removed. As a result the relative hu 
midity of the gas being dried is re 
duced rapidly in passing through the 


adsorbent. At the same time the capa- 
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city of the adsorbent to take up mois- 
ture is lowered because of the lower hu- 
midity. If the heat of adsorption is re- 
moved by cooling, the relative humidity 
will be proportionately increased. There 
fore, the capacity of the adsorbent will 
effectiveness of the 


depend upon the 


cooling device. For example Derr has 


shown curves (Jnd. Eng. Chem., Apr. 
1938, p. 384) in which air of several 
humidities and flow rates was dried 


with activated alumina with the ad 


sorbent bed temperatures maintained 
between 90 and 100 deg. F. 


tially the same percentage of moisture 


Substan 


was adsorbed in the activated alumina 
in each experiment while dry air 
This 


that relative humidity is of small im- 


was 


being produced. does not show 


portance; on the shows 
that 
tially compensated for the lower enter 


contrary, it 
the same cooling device substan- 


ing humidity and maintained the bed 


temperature close to the minimum 
stated. 

In dehumidification equipment where 
high flow rates and shallow adsorbent 


beds are employed, the capacity of the 


High pressure activated alumina ad- 
sorber for drying natural gas 
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Activated Silica Ge 
Time, Alumina Per Cent Per Cent 
Hours H,O Adsorbed H:O Adsorbed 
2 1.00 0.90 
4 1.75 1.60 
7 2.20 2.30 
2 2.75 3.20 
72 3.50 4.20 


adsorbent at low relative humidities is 
more nearly relevant to practical per- 
formance. More accurately, the rate 
of moisture removal from air of low 
relative humidity, rather than total 
capacity, is the important item. The 
data in the accompanying table com- 
pare the percentage moisture adsorbed 
by activated alumina and silica gel 
when exposed statically for several per- 
iods to air at 86 deg. F. and 2 mm. 
vapor pressure (6.3 per cent relative 
humidity). 

The above example is selected be- 
cause these static conditions give re- 
sults comparable to that obtained in 


practical dehumidification equipment. 
(It is a fact that all commercial ad- 
sorbents used in shallow beds with 


high air flow rates adsorb only 2 to 
3 per cent of their weight of moisture 
before the efficiency of 
moval drops to a point where reactiva- 
tion becomes necessary. ) 

The example also illustrates that the 
total capacities of adsorbents at high 
relative humidities have no relation to 
their under 
humidification conditions. 
part of an 


moisture re- 


capacities operating de- 
Therefore, 
the important adsorbent 
system is not primarily the particular 
adsorbent but rather the equipment in 
which it is employed. 

Of great practical importance to the 
engineer are certain factors which, if 
known with reasonable accuracy, con- 
tribute to the proper application of 
solid adsorption equipment. 

Designers of this type of apparatus 
or the prospective purchaser should 
know as far as practical the correct 
values for these factors. Once the 
problem is clearly outlined and its 
marked, then the selection 


boundaries 


of the proper type and size to meet 
these needs may be done with assur- 
ance. 


Factors affecting the economical ap- 
plication of solid adsorption for de- 
humidification of gases under pressure, 
include: (1) input dew point and 
temperature; (2) pressure at which 
the drying is to be done; (3) degree of 
dryness required; and (4) length of 
the adsorption period. Having estab- 
lished these factors the manufacturer 
of drying equipment is in a position 
to figure the type of machine best 
suited for economical operation, low 
maintenance and minimum investment. 

1. Input Dew Point—The dew point 
of a gas is a measure of its absolute 
moisture content. The lower the dew 
point, the less the load of moisture de- 
livered to the apparatus in unit time, 
other things being equal. When it is 
remembered that a gas with a 
point of 90 deg. F. has nearly twice 
the moisture content of one with a 
dew point of 70 deg. F., the importance 


dew 
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of knowing the actual dew point within 
reasonable limits is emphasized. 

Consider a case in point. Controlled 
atmosphere producers of the partial 
combustion type have aftercoolers to 
condense some of the moisture present. 
Adsorption dryers often follow, to 
obtain still drier gas. The tempera- 
ture of the cooling water available has 
a considerable effect on the size of 
this dryer. 

Again, when drying 
gases, adequate aftercoolers and low 
temperature water contribute to reduc- 
ing the load on subsequent dehumidi- 
fiers. Obviously, the use of cool water 
costing twice as much as readilly 
available warm water may result in the 
most economical installation. The ef- 
fective use of cooling frequently per- 
mits the use of an adsorbent under its 
own most favorable conditions. 


compressed 


2. Operating Pressure—When a wet 
gas is compressed, then cooled, both 
the compressed volume and the weight 
of the water vapor are reduced. Natu- 
rally this will result in smaller drying 
apparatus. It rarely, if ever, pays to 
compress a gas merely to reduce the 
size of the subsequent drying appa- 
ratus. If, however, compression for 
other purposes is a part of the process, 
advantage may often be taken of this 
compression to reduce the cost of dry- 
ing. On the other hand, the construc- 
tion necessary to withstand the higher 
pressures increases the investment and 
there is a point beyond which it is not 
economical to go. For this reason 
drying is often done between the stages 
of multi-stage compression. Selection 
of the proper location of the dryer de- 
pends upon the pressure and the tem- 
perature of the gas after the inter- 
coolers at each stage. Of course the 
gas must be then dried enough so that 
the later stages of compression do not 
raise its dew point above that desired 
in the final stage. 

In high pressure equipment a small 
quantity of any adsorbent will dry a 
large volume of gas. For example, an 
activated alumina unit for drying gases 
continuously at 4,000 lb. pressure re- 
quires equipment weighing 75 times 
the weight of the activated alumina. 

3. Required Dryness—Gases are 
dried for one of two reasons: (1) to 
prevent the condensation of moisture; 
and (2) to reduce the actual water 
vapor content. The reason for drying 
should be studied so that a sufficiently 
low, but not lower than necessary, 
dew point is specified. 

For instance, in the prevention of 
hydrate formation in natural gas lines, 
it is the presence of liquid water in the 
lines that is objectionable. If hydrates 
can form at the temperature and pres- 
sure of the line, the gas should be 
dried to a dew point low enough to 
prevent condensation. The actual line 
temperature, and not the minimum 
weather temperature, is the controlling 
factor here. 

Compressed gases are dried so that 
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freeze-ups can not occur at expansion 
valves and also to prevent corrosion 
in the lines by liquid water. Here 
again the actual temperatures encoun- 
tered set the requirements for dryness. 

On the other hand, in some con- 
trolled atmosphere annealing, the im- 
portant consideration is the quantita- 
tive relationship between the water 
vapor and the other gases of that 
atmosphere. By varying the nature 
and quantity of the constituents of 
such an atmosphere the gas may be 
made carburizing or decarburizing, 
oxidizing or reducing, or neutral. In 
actual practice these dew points may 
run from as high as 60 deg. F. to as 
low as -76 deg. F. 

There are other applications, in the 
chemical industry, where the driest 
gas obtainable is needed either because 
the water vapor content may react to 
form undesired compounds or because 
its catalytic effects must be controlled. 

Activated alumina is capable of pro- 
ducing the driest gas of any adsorbent 
suited for commercial use. This dry- 
ing at high intensity allows desirable 
modifications in dehumidification as 
well as complete drying systems. 

4. Adsorption Period—Solid adsorb- 
ents dry for a period, then must be 
shut down and reactivated. If time 
can be found to do this reactivation 
before the dryer is needed again, the 
investment in an additional adsorber is 
saved. Commercial equipment today is 
often built with dual adsorbers so that 
continuous drying may be obtained. It 
is common to design for 6 or 8 hours 
adsorption, with reactivation com- 
pleted within a like time so that the 
change can be made manually once 
each work shift. In some applications, 
however, it may be desirable to extend 
this period to 24 hours or even a week 
to reduce the manual attention re- 
quired. This necessarily increases the 
machine investment but may work an 
operating economy or convenience. 
Automatic operation is used in some 
cases simply because the manual atten- 
tion saved is worth the cost of the 
extra equipment. 

When dehumidifying air for in- 
dustrial air conditioning, additional 
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Large water-cooled 
activated alumina de- 
humidifier for indus- 
trial air conditioning, 
employing 15-lb, steam 


factors to those out- 
lined above enter into 
the selection of the 
economical equipment. 
In such applications 
an inclosure is usu- 
ally kept at some pre- 
determined relative 
humidity. Here tem- 
perature control en- 
ters into the problem. 
But the dehumidifi- 
cation may be studied independently if 
the absolute humidity necessary is 
figured from the temperature and rela- 
tive humidity desired. 
These additional factors 
(1) the amount of fresh air required; 
(2) the amount of “infiltration”; (3) 
the moisture load from the process; 
(4) the moisture load from population ; 
and (5) the outside design conditions 


involve: 


selected. 

A word or two about some of these 
factors. 
the number of cubic feet of fresh air 
per person introduced for breathing 
purposes. Odors and noxious fumes, 
or dust removal may require the vent- 
ing of considerable air. The actual 
requirements here should be studied 
to insure adequate ventilation without 
burdening the dehumidifier with excess 
moisture from the outdoor atmosphere. 

“Infiltration” is used here loosely to 
include the moisture which enters the 
inclosure through changes of air other 
than the forced ventilation and also 
the moisture which enters by diffusion 
through the inclosing walls. Where a 
low water vapor pressure is being 
maintained, diffusion becomes of con- 
siderable magnitude. Special precau- 
tions in the construction of the room, 
with the sealing of the walls with non- 
permeable material, are of great benefit 
in reducing the machine load. 

By understanding clearly the re- 
quirements in a dehumidification appli- 
cation, with quantitative knowledge of 
the factors which affect the load at 
hand, the application may be made with 
assurance that the results will be 
satisfactory if well designed and well 
built apparatus is installed. 

In summary, activated alumina, like 
all adsorbents or absorbents, is merely 
a part of any drying system. The 
capacities of practical sorbents at low 
vapor pressures are quite similar. As 
a result, equipment in which the sor- 
bent works becomes the deciding factor 
in choosing how dehumidification is to 
be accomplished. The selection of the 
conditions under which the adsorbent 
is to work is important to obtaining 
economical installation and operating 
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Other Dehydration 
Methods 


By EDITORIAL STAFF. In addition to 
the methods of separating gas-vapor 
mixtures which have been discussed, 
there are several others of importance 
for special applications; these are 
briefly described here with some indi- 
cated fields of application. 


High pressure installation 
for dehydration of natural 
gas at 250 Ib..gage; towers 
contain 1,000 lb. of Drierite 


1QUID DEHUMIDIFYING AGENTS are 
ewnd circulated so that one unit 
may be designed for absorption and 
one for regeneration thus permitting 
continuous operation. 

Diethylene Glycol ~The principal use 
of this hygroscopic organic liquid in 
connection with conditioning is the de- 
hydration of natural gas. Several re- 
cent installations serve as examples of 
what can be accomplished with the 
compound, Contact with gases is es- 
tablished in bubble towers in which 
scrubbers at the base remove oil and 
mist extractors at the top prevent 
glycol loss. In one of the first plants 
to use this system about 5 g.p.m. of 
glycol were used to absorb the moisture 
from a peak capacity of 20,000,000 
cu.ft. of gas at 715 lb. Enough water 
is removed to lower the dewpoint of 
the gas from 65 or 70 deg. F. to an 
average of 28 deg. F. Regeneration is 
accomplished in a still operating at 
25 Ib. and 295 deg. F. Boiling point 
of the glycol at this pressure is 473 
deg. F. so no glycol is detectable in the 
water effluent of the reconditioning 
still. 

Another installation, operating at 
339 Ib. gage, reduces the dewpoint 
from 73 to 23 deg. F. Solution pump- 
ing rate is 8 g.p.m. and average solu- 
tion loss over an 1l-month period was 
0.052 gal. per million cu.ft. (measured 
at 16.4 lb. abs. pressure). 

This chemical was used in an in- 
teresting combination in a recent in- 
stallation in Kansas. The circulat 
ing solution contains 7-8 per cent 
monoethanolamine, 75-80 per cent di- 
ethylene glycol and 12-16 per cent wa- 
ter by volume. This mixture not only 
lowers the natural gas dewpoint to 0 
deg. F. but also lowers the H,S content 
from 20 to 0.05 grains per 100 cu.ft. 
Losses in the first four months of op- 
eration were 190 gal. of glycol and 30 
gal. of amine, representing a cost of 
25 cents per million cu.ft. of gas 
treated. 

Triethylene Glycol—Several manu- 
facturers of air conditioning equipment 
are considering triethylene glycol for 


air dehumidification purposes. Because 


of its low vapor pressure and high 
boiling point, losses are comparatively 
low. Lower dewpoints are obtainable 
with triethylene glycol than with cal- 
cium chloride or lithium chloride solu- 
tions. Triethylene glycol is also be- 
ing considered for the dehydration of 
blast furnace air and plant designs 
based on its use have been submitted 
by equipment companies to steel com- 
pany prospects for this type of equip- 
ment 

Hygroscopic compounds, such as tri- 
ethylene glycol, suitable for use in air 
conditioning equipment have a vapor 
pressure high enough to entail some 
loss due to vapors being carried out 
with the dehydrated air. A_ recent 
patent (U.S.P. 2,192,126) sets forth a 
system for reducing this loss. The 
vapors, being hygroscopic, can be re 
moved by the use of a second spray 
chamber involving a more dilute solu 
By using 
a 95 per cent solution of the glycol in 
the dehumidifier and 60 per cent in a 
second spray chamber, less than one 


tion of the same compound. 


tenth as much glycol is lost as would 
be if the air were discharged after con- 
tact with the 95 per cent solution. 

Sulphuric and Phosphoric Acids — 
Appropriately enough sulphuric is used 
in dehydrating burner gases and air 
in the contact process of sulphuric 
manufacture. Gases must be dry or 
acid fume will cause trouble. The dis- 
advantage of this acid is its corrosive 
action. Phosphoric acid is often used 
for laboratory desiccation because of 
smaller tendency to react with gases 
which 
Water pressures of the two 
acids at 90 per cent concentration and 
30 deg. C. are 0.012 mm. of mercury 
for sulphuric as against 2.0 for phos- 
phoric. For comparison, these values 
at the same temperature are 13 mm. 
for 40 per cent calcium chloride and 
12 mm. for 82 per cent glycerin solu- 
tions. However, heats of dilution of 
the acids are much greater than for 
the other two solutions. 


combine with sulphuric acid. 
vapor 


Solid Abhsorbents—There are some 
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laboratory and industrial applications 
of solid absorbents. As with calcium 
chloride, these solids absorb both by 
capillary action and by hydration. 

One of the more important of this 
class of compound is anhydrous cal- 
cium sulphate (Drierite) which ab- 
moisture to form the hemi- 
hydrate. The compound is used in 
high pressure installations, in tele- 
phone cables to prevent short circuits, 
in drying refrigerant gases and in 
space drying in vaults, cabinets, tool 
chests and so forth. 

Numerous other compounds are used 
but these are of limited interest in 
cas conditioning. They are frequently 
used as laboratory desiccants. In this 
group are anhydrous barium perchlo- 
rate, anhydrous magnesium perchlorate, 
fused alkali hydroxides, zine halides 
and copper sulphate. 

Isothermal Compression—Thermody- 
namically the isothermal compression 
process results in no change in internal 
energy. The entire amount of work 
done on the system produces heat, 
which must be removed continually to 
keep the temperature from rising. Actu- 
ally it is not possible to provide for 
continuous heat transfer to this extent 
and the process may be approached 
only in multiple-stage compressors with 
a large number of intercoolers. 

In a saturated gas-vapor mixture 
the total pressure is the sum of the 
partial pressure of the constitutents; 
P. = py + pg. If the total pressure is 
increased tenfold and the temperature 
remains constant, py will not increase* 
(because it depends only on tempera- 
ture); so we have: 10 Po = py + p’g, 
where p’, = 10 pe + 9 pv. 

According to Raoult’s law the mol 
fraction of vapor remaining in the mix- 
ture is py/10 Po. That is 0.1 of the 
original vapor; therefore, 0.9 of it must 
have condensed. Now if this liquid is 
removed and the gas expanded at con- 
stant temperature, the final gas will 
have a relative humidity of 10 per 
cent with respect to the vapor instead 
of 100 per cent as in the original mix- 
ture. 

As mentioned previously, dehumidi- 
fication in this manner cannot actually 
be accomplished by an isothermal proc- 
ess; but with ample intercooling the 
same final result may be obtained. Thus 
as far as the gas-vapor mixture is con- 
cernedy the process may be considered 
isothermal. Incidentally, the condens- 
ing vapor absorbs a iarge amount of 
heat (its latent heat) thus producing 
a cycle more nearly isothermal than 
can be obtained with a non-condensable 
gas. 

Intentional use is made of the above 
principles in the separation of butanes 
and propanes from natural gas, and un- 
intentional use in ordinary air com- 
pression, where the problem of remov- 
ing the condensed water vapor is usually 
present. 


*At higher pressures (50 atm.) vapor 
pressure will increase due to Poynting 
effect 


& METALLURGICAL ENGINEERING 


“oe 
x 
7 4 
fy 
7) 
i 
$ 
< 
le 
a 
- al e 
; 
«3 
ug 
| 
| 
AF 
312 


HERE IS NO one best method of de- 


humidification which is suitable to 
all applications. It is practical, how- 
ever, to set up and discuss the principal 
factors which influence the choice of 
method as between refrigeration on the 
one hand, and dehydration with solid 
adsorbents or liquid absorbents on the 
other. 

Furthermore, since the terms de- 
humidification and dehydration both 
denote abstraction of water, the ques- 
tion may arise as to the distinction 
between the two, so this should be 
cleared up at the outset. This dis- 
tinction may be said to lie in the 
medium which causes the abstraction 
of water, thus: 

Dehumidification is generally asso- 
ciated with refrigeration, by which, 
water vapor is condensed out of air or 
other gases in its passage over a cold 
surface or through a cold spray main- 
tained below the dewpoint. The extent 
of dehumidification by this method is 
therefore dependent upon the extent of 
temperature reduction. 

Dehydration, on the other hand, is 
venerally associated with equipment 
containing certain desiccants of the 
regenerative type, which have the abil 
ity literally to extract water vapor 
from air or other gases brought in con- 
tact with such desiccants without resort 
to low temperature cooling. 

Because the primary function of de- 
hydration equipment deals with the 
removal of water vapor from air and 
other gases—and also because there is 
less familiarity with dehydration as 
compared with the conventional re- 
frigeration—the former will be dis- 
cussed first and in greater detail. 

There are two basic methods of 
dehydration: with solid adsorbents, and 
with liquid absorbents. 

Silica gel and activated alumina for 
water vapor adsorption, and activated 


carbon for solvent vapors, are the most 
widely used of the solid adsorbents. 
These substances are extremely porous 
and have the property of picking up 
and condensing vapors on their surfaces 
and internally, with no change in phys- 
ical structure. Adsorption continues 
until the vapor pressure of the con- 
densed liquid in the capillaries ap- 


Choice of Dehydration Methods 


By JAMES C. PATTERSON, Manager Dehydration Div., Carrier Corp., Syracuse, N. Y. 
The effect of such factors as gas and power costs, availability of water and steam, 
climatic conditions, desired temperature and humidity and investment cost deter- 
mine the choice of dehumidification and dehydration methods for a given installation. 


proaches the partial pressure of the 
vapor in the surrounding atmosphere. 

The liquid solution type of absorb- 
ents functions somewhat similarly. 
Lithium chloride brine is the most 
widely used type. Such a brine in 
contact with moist air of higher vapor 
pressure picks up moisture from the 
air until the increasing vapor pressure 
of the solution, which is changed physi- 
cally in the absorption process, ap- 
proaches the decreasing partial pres- 
sure of moisture in the air. With air 
of lower vapor pressure, of course, the 
reverse action takes place, with hu- 
midification of the air. 

Essentially, the choice of method, 
as between the solid and liquid types, 
depends upon: (1) the degree of de 
hydration that is to be accomplished, 
(2) kind of application, (3) tempera 
ture and cost of available water, (4) 
availability and cost of manufactured 
or natural gas and the availability and 
cost of high or low pressure steam, and 
(5) geographic and climatic conditions. 

In general, it may be stated that the 
smaller the quantity of outside air to 
be dehydrated in proportion to the total 
quantity of air to be circulated and the 
greater the extent of dehydration re 
quired, the more favorable becomes the 
solid adsorption type. By the same 
token, the larger the quantity of out- 
side air in proportion to the total and 
the smaller the extent of dehydration 
required, the more favorable becomes 
the liquid absorption type. 


Conditions for Dehydration 


In either case, the dehydration 
method of removing water vapor from 
air or other gases is of greatest value 
where: (1) it is desirable to maintain 
humidity conditions independently of 
dry bulb temperature conditions; (2) 


Schematic drawing of Carrier central station air conditioning system 
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it is essential to provide precise control 
of the absolute moisture content in air 
directed to or surrounding an indus- 
trial process; (3) there exists a com- 
paratively large percentage of latent 
heat load to the total load; (4) cold 
tap or well water is available for cool 
ing purposes; (5) it is practical to 
take advantage of operating economies 
through the use of gas or steam heat. 

Since the principal function of de- 
hydration is to produce dry air and 
maintain dewpoint temperatures inde 
pendently of cooling, this method must 
be qualified economically as well as 
technically, in the light of that limited 
function, before it can be properly 
selected instead of refrigeration. 

For example, when the extent of 
dehumidification required for any one 
specific application need not go beyond 
that obtainable as a byproduct of low 
temperature cooling, the conventional 
refrigeration system is likely to be 
lower in first cost as compared with a 
dehydration system designed for the 
same duty. Dehydration could not be 
economically qualified for such appli 
cations unless its higher first cost could 
be compensated by lower operating cost 
resulting from favorable water tem 
perature conditions coupled with low 
cost natural gas or steam. 

On the other hand, when the extent 
of dehumidification must provide for 
the maintenance of a constant inside 
absolute humidity against compara- 
tively large internal moisture sources, 
coupled with higher than usual outside 
moisture design conditions, the dehy 
dration system is likely to be lower in 
overall cost than the refrigeration 
system designed for the same duty. It 
should be mentioned, however, that it is 
not uncommon to find that a dehydra 
tion job is a “premium” job insofar as 
first cost is concerned. 

There is also the question: How much 
of the dehumidifying should be accom- 
plished by dehydration equipment? For 
instance, there are many cases where it 
will be more economical to remove a 
part of the latent heat by the cooling 
medium (cold water or refrigeration ) 
and to use dehydration for the removal 
of the remainder. Geographic and cli 
matie conditions are important con- 
siderations in such cases. 

Because of the necessity of weighing 
these and other variables in the light 
of conditions of use, it is impractical 
to set up fived rules regarding the 
initial cost of the dehydration method 
as compared to the refrigeration 
method. Yet. and without giving effect 
to decreasing production costs of dehy 
dration equipment per se (due to 
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From left to right are dehydration installations employing lithium chloride, silica gel and activated alumina; the equipment was 
supplied by Surface Combustion Corp., Bryant Heater Co. and Pittsburgh Lectrodryer Corp., respectively 


standardization and increasing’ vol- 
ume), there are certain influencing 
factors which definitely reflect upon 
such cost comparisons 

l. Kind of Application—In_ cases 
where the sensible heat load varies over 


These are: 


wide limits and where it is desirable 
to maintain control of relative humidity 
within narrow limits, dehydration is 
generally the more favorable 

In cases where the conditions of use 
require the maintenance of dewpoint 
temperature below 43 deg. F., or the 
maintenance of relative humidities over 
a range of between 10 and 50 per cent 
it drv bulb temperatures above 80 or 
below 60 deg. F., dehydration becomes 
favorable 

For the maintenance of dewpoints 
below 37 dee. |} dehydration 1s prac 
tically an essential 

2. Water Temperature It is prac- 
tical to use water for all sensible heat 
removal in combination with dehydra- 
tion when the temperature of the avail 
able water is at least 15 deg. F below 
the dry bulb temperature to be main 
tained within a room or In connection 
with an industrial process 

With decreasing water temperatures 
the scope of application increases, and 
the economic advantage of using de 
hydration equipment becomes more 
apparent 

In the absence of a sufficiently cool 
water supply for temperature control 
purposes, the evaporative cooling prin 
ciple may be employed, or more gen- 
erally, mechanical refrigeration would 
he used to take up all or any part of 
the sensible heat load which cannot be 
removed economk ally by water. 

3. Utility Service—The relative unit 
costs of gas, steam, electricity, and 
water coupled with the extent of utili- 
zation, beat directly on cost of opera- 
tion and, in many cases, are the 
deciding factors 

Where the unit cost of gas or steam 
(high versus low pressure) is low as 
electric 


compared with power, the 
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operating costs of dehydration can be 
capitalized to good advantage. 

In comparing the total cost of utility 
service as required for the dehydration 
method with that required for the 
refrigeration method, consideration 
should be given to all demand charges 
as may apply. 

Where cost of water is high or quan- 
tity limited, both methods are adapt- 
able to water 
evaporative 


cooling towers or 


condensers. The water 
requirements are approximately the 
same for both methods. 

The seasonal load factors for both 
gas and electric utilities may be im- 
proved by using gas, or steam operated 
dehydration equipment. 

lo summarize this phase of the sub- 
ject, it may be stated that the de):ydra- 
tion method—first, as _ particularly 
adapted to the removal of water vapor 
under conditions of high latent heat 
load and low sensible heat load, and 
second, as a user of energy in the form 
of gas or steam—can be evaluated in 
terms of the total annual cost of pro- 
viding dehumidification as compared 
with an equal amount of dehumidifica 
tion by the conventional mechanical 
refrigeration method. 


Refrigeration Systems 


As with dehydration, there are two 
basie types of refrigeration. These are 
the compression type system and the 
absorption type system. It is not 
within the scope of this discussion 
however, to include a presentation of 
the latter. 

A compression system is almost uni- 
versally used for those applications 
which do not require the maintenance 
of low humidities or which do not 
demand the independent control fea- 
tures in manner and extent as generally 
associated with dehydration. It should 
be understood however, that it is prac- 
tical to provide independent control of 
humidity and temperature with a more 
costly compression type refrigeration 
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system through the use of automat- 
ically controlled reheat. 

The compression system permits the 
choice between several types as well as 
the kind of energy that may be used 
for the particular application. For 
the compressor system, the following 
types are available: (1) Reciprocating 
compressors driven by electric motors, 
by gas engines and occasionally by 
steam engines; (2) rotary compressors 
driven by same motive power as for the 
reciprocating type; (3) centrifugal 
compressors driven by electric motors, 
steam turbines or gas engines; (4 
steam jet (vacuum) type, using steam 
as motive power. 

The proper selection as to type will 
depend upon: the amount of tonnage 
of refrigeration required, the degree 
of temperature reduction, and compara 
tive overall costs. Furthermore, the 
influencing factors previously outlined 
with particular respect to dehydration, 
bear on the choice with respect to re- 
frigeration. 

For example, the centrifugal or steam 
jet type produces chilled water and 
ordinarily would be utilized for appli- 
cations requiring 100 tons of refrigera- 
tion and more. For the lower tem- 
perature levels, the’ centrifugal type 
would become more favorable than the 
steam jet type. The choice as between 
the use of steam and electricity for 
either type would depend upon the 
analysis of total annual cost of owning 
and operating, with due consideration 
to collateral advantages and disadvan- 
tages. 

Moreover, there is a choice as to 
method of dehumidifying by these sev- 
eral types of compression refrigeration. 
That is, condensation may be accom- 
plished by spraying chilled water in 
direct contact with air, or indirectly 
by means of cold surface made up of 
spiral wound or plate finned air cooling 
colls, or a combination of both spray 
and coils. 

Because the chilled water spray type 
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of dehumidfier saturates the leaving 
air more effectively, it is almost in- 
variably selected for those industrial 
applications requiring precise control 
of dewpoints within narrow limits. The 
lowest practical dewpoint however, 
would be at 40 deg. F. For lower dew- 
points, the addition of a brine spray 
stage or dehydration equipment would 
be required. In such cases, the latter 
is likely to be the more desirable choice 
from an operating and overall cost 
standpoint. 

With the cold surface coil type, the 
dewpoint is of course depressed below 
the dry bulb temperature of the leaving 
air. The extent of this depression how- 
ever, varies with the design of the coil 
and its bypass characteristics, and the 
practical temperature range through 
which condensation takes place. This 
type would usually be selected for those 
applications where reasonable fluctua- 
tions in dewpoints or relative humidity 
1s not a serious consideration, or where 
it 1s advisable to obtain local control of 
vartable conditions at scattered points. 

This is also the type cooling system 
that is used in combination with dehy- 
dration equipment to give independent 
control of humidity and temperature. In 
such cases the surface coils need have 


only sufficient capacity to produce 
cooling above the dewpoint and thus 
approach the maximum in operating 
efficiency. 

There are many dehumidification 
problems where various types of re- 
frigeration are normally used, and 
which involve the maintenance of high 
relative humidities (above 70 per cent) 
combined with subnormal dry bulb 
temperatures. This is an exclusive field 
for refrigeration. 

To summarize this phase: The re- 
frigeration method, first, as convention- 
ally adapted to the simultaneous 
control of humidity and temperature at 
normal particularly 
adapted to maintaining higher than 
normal humidities at subnormal tem- 
peratures, and second, as adapted to 
the use of electricity, steam or gas 


levels, or as 


prime movers for motive power, can be 
evaluated in terms of total annual cost 
with an equal amount of dehumidifica- 
tion by the dehydration method. 

It may be coneluded then, that both 
the dehydration method and the refrig- 
eration method have their individual 
favorable spheres of application with 
respect to dehumidification, and that 
the choice is essentially dependent upon 
the influencing factors discussed. 


Humidification Processes 


By EDITORIAL STAFF. 


Earlier articles in the series on processes involving gas- 


vapor relations were concerned with the separation of gases from condensable vapors. 
The converse problem of humidification is encountered in a variety of applications 
where a liquid is vaporized into an air or gas stream to cool the liquid or the gas, 
or to separate the liquid from a solution or a solid. 


HERE are eight types of vaporiza- 

tion operations that should be con- 
sidered here as related to the psychro- 
metric study of gas-vapor mixtures. 
First, for simplicity, it should be ex- 
plained that the term “humidification” 
is used not only to refer to the vapori- 
zation of water into a gas, but may be 
considered also to describe the vaporiza- 
tion of any volatile liquid into air or 
any other gas. In general, with proper 
corrections for differences in the prop- 
erties, what is said here about vapori- 
zation processes involving water may 
also be applied to other volatile liquids. 
In the terms of the air conditioning 
engineer, humidification means an in- 
crease in the dewpoint of the mixture 
with respect to whatever kind of vapor 
is being considered. 

Depending on the reason for humidi- 
fying the gas, there are four sorts of 
humidifying operations: (1) Those in 
which it is desired to cool the liquid; 
(2) those in which the gas is to be 
cooled; (3) those where the desired 
end is a gas of higher absolute vapor 
content; (4) those in which the aim is 
to decrease the amount of liquid con- 
tained in a solid or in a solution. In 
the first group are two principal ap- 
plications: Water cooling ponds and 


towers, and evaporative-type coolers for 
process cooling and condensing. The 
second type of operation is encountered 
chiefly in evaporative coolers for air. 
In the third group are included air- 


Fig. 1 Chart illustrating 


passing through a cooling tower 


‘© 


CHEMICAL & METALLURGICAL ENGINEERING e MAY 1940 e 


theoretical 
changes in air and water conditions in 


a 


conditioning humidifiers and saturators 
for process gases. Finally, the last 
class includes dryers for solids in which 
air is used to sweep out the vapor; 
regenerators for dehydrating solutions; 
and the operations comprising the re- 
generative steps for solid adsorbents. 

All of these operations depend on 
the psychrometric properties of the 
liquid and the gas concerned, and all 
are similar in principle—the differences 
being chiefly in the source of the heat 
which must be supplied for vaporiza- 
tion of the liquid. In the most com- 
mon case the heat comes both from 
the gas and from the liquid, in which 
case both the liquid and the gas are 
cooled, the latter being humidified also. 
However, it is possible to take all of 
the heat from the liquid so as to heat 
as well as to humidify the gas, or to 
take all of the heat from the gas so 
as to cool and humidify the gas adia- 
batically. This last occurs when air 
is humidified in an air washer, with 
unheated, recirculated water. 

Water Cooling Ponds and Towers—lf 
water at a relatively high temperature 
is brought in contact with air having a 
wet bulb temperature lower than the 
water, the water will be cooled, and 
will eventually reach a temperature 
close to the wet bulb temperature of 
the air if sufficient air is swept over 
the water for a sufficient time. Equip- 
ment for cooling water in this way is 
generally operated to cool the water to 
a temperature somewhat below the dry 
bulb temperature of the air, to within 
5 to 10 deg. of the wet bulb tempera- 
ture of the air. Fig. 1 illustrates on a 
psychrometrie chart the changes tak- 
ing. place in the air and the water as 
they are brought into contact. The 
several points on the saturation curve 
represent the progressively lower tem- 
peratures of the water as it travels 
downward through a_ packed tower 
through which air is flowing upward. 


Fig. 2 — Schematic diagram of dehydra- 
tion path, followed by adiabatic cooling 
below the cooling water temperature 
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The initial air, water which 
is below its dry bulb temperature, is 
cooled and humidified. The initial air 
thus supplies part of the latent heat 
of vaporization of the water, but as 


the air progresses upward through the 


meeting 


tower, meeting water at higher and 
higher temperatures, and emerging 


finally at a temperature higher than 
the initial and nearly saturated, the 
final effect is to force the water to 
supply all of its own latent heat (ap- 
proximately 1,000 B.t.u. for each pound 
going into the air stream), plus the 
heat of the air 
rise. If the contact time is long enough 
(i.e., is tall enough) the air 


sensible temperature 


the tower 


will leave near the dry bulb of the 
initial water, and the water will leave 
at a temperature near the wet bulb 


of the entering air. Practically, how- 
will never reach the wet bulb. 
With air at the same bulb 


temperature, but at different dry bulb 


ever, it 
wet 


temperatures, the effect in any case is 
for the water to approach the same 
wet bulb temperature, but it will be 


clear from a consideration of the chart 
that more air will be required for a 
given 
dry bulb decreases. 


amount of water cooling as its 
Unfortunately, design of water-cool- 
this type is still 
empirical as the coeflicients of heat and 


ing equipment of 


moisture transfer must be determined 


experimentally (See articles on cool- 
ing tower design by Edward 
Chem. & Met., Feb., Mar. 
1939, pp. 83, 146, 209, 


psychrometriec chart 


Simons, 
and 
resp.). 


Apr., 
How- 


ever, the does fur- 


nish useful information, particularly 
in indicating the type of change in 
equilibrium conditions that will occur 
for various changes in the initial con- 


ditions of the water and air. 


Types of Coolers 
Water cooling by evaporative action 
takes place in 
pheric cooling towers and mechanical 
draft Pond 
the largest amount of 


cooling ponds atmos- 


towers, cooling requires 
Space, an at 
mospheric tower less, and a mechanical 
draft still less. In all 
types about 1 lb. of water is lost for 
1,000 B.t.u. of cooling, while according 
to Bischof (Trans. A.S.M.E., Jan. 1939) 
the additional loss of water, owing to 
driftage, will be of the order of 3.5-5 
per the circulated for 
ponds, 1-1.5 per cent for atmospheric, 


tower three 


cent of water 
and 0.2 to 0.5 per cent for mechanical 
draft Spray 
large keep down 
provided 
fence to 


towers. unless 
driftage 
with a 
permit 
restrain entrainment 


ponds, 
enough to 
loss, are generally 
surrounding louver 
wind motion, but 


posses, 


Atmospheric towers are pro- 
vided with flat decks to present a 
large water surface and increase the 
time the water remains in contact with 


the air, yet avoid undue resistance to 
the Mechanical draft 


cross wind 


towers are either of the spray type 
without packing, or packed with slats 
over which the vater is distributed, 


draft 
More cooling work 


either forced or induced 
provided by a fan. 
can be accomplished per cubic foot of 
tower by the mechanical type, but 
where suitable wind conditions exist, 
the atmospheric type is generally pre- 
ferred, owing to its lower initial and 
operating cost. 

The evaporative condenser, which has 
recently become an important adjunct 
to refrigeration and air conditioning 
equipment, is in effect a combination of 
draft and 
which tubes 


sing 
be ing 


mechanical cooling tower 
condenser 


the slat 


condenser, in 
are substituted for 
of the Water is sprayed over 
the (and is generally recireu- 
lated), the wetted tubes being subjected 
to a blast of air from a fan. 


surface 
tower. 


tubes 


Evapora- 
tive cooling of the water on the tubes 
makes possible a condensing tempera- 
ture approaching (but, of course, never 
the bulb rather than 
the dry bulb temperature of the air. 
Actually, most of the condenser cooling 


reaching ) wet 


is accomplished by evaporation of the 
water, although in cooler weather di- 
without wate 


with 


rect air cooling spray 
Compared 
the 
denser without a cooling tower, with 
the 
consumption is reduced 90-95 per cent. 
Where low 


humidity exists, as in the southwestern 


is often practised. 


straight water cooling of con- 


an evapo! ative condenser water 


Evaporative Air Coolers 
part of the United States, there is con 
siderable 
of the air for 
poses. If air 


use of adiabatic saturation 


comfort cooling pur 


is brought into contact 


with a spray of recirculated water, 
after a fairly short time the water will 
attain a temperature equal to the wet 
bulb temperature of the air, at point 
(5) on Fig. 1. 
this 
creasing the humidity of the air along 
its wet bulb 
line, bringing the air to some final con- 
dition of bulb and 
humidity as at point (6) on Fig. 1. 
Another use of saturation 
air dehumidified by ad- 
or absorption below the temperature of 
the For this 
purpose the air is dehydrated exces- 
sively and then partially rehumidi- 
fied to secure the desired dry bulb re- 
duction. Fig. 2 shows such a cycle. 
Point (1) is the initial condition, point 
(2) the excessively dehydrated condi- 
with the available cool- 
ing water, and point (3) the final con 
dition after adiabatic cooling. 
Humidifiers—As long as water is at 
a temperature equal to or higher than 
the dewpoint of the air with which 
it is brought in contact, it will evapo- 
rate the air if the not 
saturated, which is to say that as 
long as the partial pressure of water in 


Continuing the spray- 


ing of water will result in in- 


(adiabatic saturation) 


lower dry higher 
adiabatic 
is in cooling 


available cooling water. 


tion obtained 


into latter is 


the air is less than the vapor pressure 
of the water, diffusion of 
will the 
since the driving force tending toward 


water vapor 


continue into air. However, 


vapor pressure equilibrium is the vapor 
ressure difference, humidification pro- 
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ceeds more rapidly as the water tem- 
perature increases above the dewpoint 
of the air. Usually in humidifiers 
the water is heated to a temperature 
above the dry bulb temperature of the 
air as in condition (1) on Fig. 1, so 
that the air will be both heated and 
humidified. Any means of establishing 
intimate contact of air and water for 
a sufficient will suffice. In air 
conditioning a spray washer, with wa- 
ter heated by steam, is the most usual 
method. Steam jets or pans of heated 
water in the air may also be 
used, as well as water sprayed finely 


time 


stream 


into the conditioned space by a spray 
The 


sometimes 


or mechanical atomizing device. 
last two methods 
used industrially to effect humidifica- 
tion coincident with a certain amount 
of evaporative cooling in the summer. 


are also 


Similar principles hold, of course, re- 
gardless of the liquid vaporized, and 
the 

Dryers 


carrier gas. 

Although another article 
discusses the application of psychro- 
metrics to air dryers, this type of 
humidification should be noted here. 
In such a dryer heat supply is gen- 
erally provided almost entirely by the 
air, although from the air 
heating coils may play a part, and in 
heat may be applied di- 
rectly to the material, with 
used only to sweep the vapor away. 
From the standpoint of the material, 
drying is dehumidification, but it re- 
humidification of the air, 
which will continue to pick up mois 


radiation 
some cases 


the a ir 


sults in 


ture as long as the vapor pressure of 


the water in the material is less than 


the partial pressure in the air. 


Dessicant Regeneration 


that the 
the material is 


It is clear vapor pressure 
of water in not 
sarily equal to that of free water at 
the For example, 
in the drying solid 
adsorbents such as silica gel, the wa- 
ter is closely held by capillarity and 
must be heated to a relatively high 
temperature to produce an appreciable 
vapor pressure. This is ordinarily ac- 
complished with hot air, or with steam 
in the 
the drying of 
such as lithium or calcium chloride, a 
effect of vapor 
pression is found, the vapor pressure 
being less at a given temperature as 
the solution is more concentrated. Thus, 
when the hot solution is sprayed into 


neces- 


same temperature, 
(regeneration) of 


ease of activated carbon. In 


hygrageopic solutions, 


similar pressure de- 


air or brought into contact in a tower, 
its water will be vaporized, but only 
until the still lower 
of the more concentrated solution which 


vapor pressure 


is producéd approaches the partial 
pressure of the air. A high range 
psychrometric chart can be used to 


portray this cycle, using as the satura- 
tion any instance the ap 
one of a series of vapor 


curve in 
propriate 


pressure curves for the different con- 
centrations of the hydroscopic solu- 
tion. 
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Compression Equipment 


By Z. G. DEUTSCH, Consulting Chemical and Mechanical Engineer, New York. Com- 
pressors used industrially for refrigeration and other gas compression operations are 


here compared and a new chart is presented to show their fields of use, 
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Chart showing the range of discharge pressures and displacements 


commonly met with various 


types of compressors, referred to 


atmospheric air inlet 


¥ THE MANY types of processes wherein 
gases, vapors or gas-vapor mixtures 
are handled in order to effect separa- 
tions, purifications, reactions, etc., effi- 
cient compression and movement of 
the fluids is always of importance. Oc- 
casionally efficient compression is of 
prime importance. Gases and vapors 
flow from regions of higher pressure 
to regions of lower pressure, according 
to well understood and well formulated 
laws. For inducing flow against most 
practical resistances, pressure changes 
of lower magnitude are the rule. Fans 
and blowers are the usual names given 
to “compressors” used essentially for 
inducing flow. For those processes 
which are the subject of this section 
and involve refrigeration, adsorption 
and absorption, a gas pressure change 
of greater magnitude is often involved. 
This article confines itself to a brief 
discussion of the compressors used in- 
dustrially for such larger compres- 
sions. 

Equipment for creating these ter- 
minal pressure differences in gases and 
vapors has developed and become avail- 
able in a variety of forms. The piston- 
and-cylinder reciprocating compressor 
type is probably the oldest with the 
exception of the almost obsolete bel- 
lows. Axial- and radial-flow centrifu- 
gal machines are a development of the 
p 
| 


resent. Various forms of positive dis- 
lacement rotary compressors are al- 
most all of quite recent origin. An 


ancient form, which has but recently 


come into prominence in commercial 
refrigeration, is the steam jet or fluid 
jet type of apparatus, sometimes also 
called the thermo-compressor. 

For the purposes of this brief dis- 
cussion all compression equipment is 
grouped into four general divisions: 
(1) reciprocating displacement; (2) 
rotary displacement; (3) centrifugal 
(radial and axial); and (4) jet. 

The first two are often called “posi- 
tive displacement,” when compared to 
the last two. Several divisiens of the 
first are: horizontal, vertical, duplex, 
double acting, uniflow, ete. Several di- 
visions of the second are: sliding vane, 
hydraulie piston, cycloidal, eccentric 
roller, ete. Several divisions of the 
third group are: axial flow, radial 
flow, shrouded and open impellor, ete. 
In the fourth division there are as 
yet no well-defined and accepted types. 
For a concise description and clear 
diagram of the forms of the foregoing 
types, the reader is referred to a 
group of articles in the fluid flow sec- 
tion published in Chem. & Met., May 
1937. All types by themselves are in 
use for single, double and multiple 
stage compression. Occasionally a 
multiple stage compression installa- 
tion will consist of stages in each of 
two or more of these types. 

Each of these four general types 
and each of their subtypes, has a field 
of application wherein it is most 
profitable. The fields overlap with one 
or more of the other types over a 
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broad range whenever anything less 
than all controlling factors are con- 
sidered. The accompanying chart con- 
siders only pressure and volume. 

In the fields of application where 
pressure changes are large, such as 
where the absolute discharge pressure 
is over 20 times the absolute suction 
pressure, and where the initial gas 
density is not especially low, the re- 
ciprocating machines are substantially 
without competition in sizes under 
about 2,000 or 2,500 hp. Likewise in 
the field of extremely low density gases 
such as encountered in vacuum proc- 
esses well below 1 or 2 in. Hg absolute, 
the jet compressor is in almost any but 
the very smallest capacities, without 
competition. With gases of higher and 
highest densities, at moderate pressure 
ratios, and power inputs of over 2,000 
hp., the centrifugal machines are al- 
most without competition. For less 
extreme conditions the reasons for the 
choice of a definite representative of 
one of the four types are concerned with 
many more factors than merely power, 
pressure or pressure rise and density. 
The kind of power which is available, 
the type of driver suitable to this 
power, space limitations, commercial 
factors, as well as economy considera- 
tions, usually govern. 

Because of the large number of fac- 
tors involved, and because of the wide 
range of conditions under which com- 
pression equipment is applicable, it is 
practically impossible to state a com- 
mon set of categories into which any 
type of compressor can be niched. Per- 
formance of compressors is changed by 
the density of the fluid being handled. 
This a much more important factor 
with centrifugal than with the recipro- 
cating or positive rotary types of 
machines. Consequently centrifugal ma- 
chines are usually based on an “equiva- 
lent” discharge pressure. This term is 
analogous to the “feet-of-head” in the 
centrifugal pump field. It is, briefly, 
the discharge pressure of a centrifugal 
machine at its rated operating speed, 
when the gas at the inlet is of the 
same density (and same ratio of spe- 
cific heats) as normal atmospheric air. 
Thus, for example, a 5-lb. equivalent 
air-pressure machine, designed to han- 
dle illuminating gas having a specific 
gravity relative to air of 0.5, will at 
its rated operating condition, have a 
discharge pressure of only (about) 24 
Ib. per square inch. This is entirely 


Certain types of equipment are found in 
more than one kind of gas conditioning 
operation. In order to avoid duplicat- 
ing the description of these more gen- 
eral types, therefore, the section start- 
ing at this point deals briefly with the 
four equipment classes which are of 
more general application. Included are 
compression equipment, heat transfer 
equipment, gas cleaning equipment and 
gas-liquid contactors.—Editor. 
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Typical compressor types including (a) reciprocating, (b) sliding vane rotary, (c) fluid piston rotary, (d) cycloidal or 


analogous to the 100-ft. head centrif 
ugal pump, whose bourdon gage dis 
charge pressure would be 30 lb. per 
square inch when pumping gasoline, 
69 lb. per square inch when pumping 
carbon tetrachloride, and 590 lb. per 
square inch when pumping mercury. 
The term “equivalent air pressure” is 
adopted in this field because it is so 
much more convenient than feet-of-gas 
would be. 

In the diagram on page 317 an effort 
has been made to delineate the fields of 
operation for the first three types of 
compressors from the standpoint only 
of pressure and of volume handled by 
single units. Other characteristics of 
affected by 
‘dean characteristics were not given 


‘“ompressors and factors 


any weight in the preparation of this 
chart. The fourth, or jet type, is com 
monly rated on the basis of weight of 
suction fluid handled, rather than vol 
ume. Since it frequently operates un- 
der high pressure ratios and occasion- 
ally under moderately high suction 
density, plotting on this same type of 
chart would give an aberrated impres- 
sion of its range so it is omitted. 


Ranges of Application of 


Inlet Gas Rotative 
Power Density Lb Speeds 
Hp per Cu. Ft. R.P.M 
Main Type Lew High Low High Low High 
Reciprocating 1 ~~ 0.02 50 30 400 
displacement 
Rotary dis 1 1,000 0.02 50 30 600 
placement 
Centrifugal any «0.004 15 1,800 30,000 
Jet 0 000+ any 


110 per stage is max.; 5 per stage usual 
‘ 0.5 to 10 Ib. motive fluid per lb. suction fuid 


H gher vac. 


The outlines of the several areas in- 


dicated on this chart can be considered 
as extremes. The number of installa- 


tions of each type is greatest for the 


pressure and volume conditions near 


the center of each of the areas. There 


are a few rare installations of each 
type entirely outside of the areas indi- 
ited. Furthermore, this chart applies 
only to industrial equipment. Domestic 
equipment and low pressure equipment 
such as fans have been omitted en- 
tirely 
The maximum power which it is 
practical to put into the driver of these 
compressors is important and has to 
some extent determined the right-hand 
boundary of the reciprocating compres- 
sion region. In turbine-driven centrifu- 
gal compressors operating at very high 
speeds, such a boundary is beyond the 
diagram and turbines of suitable capac- 
ty have already been built, being used 
for driving electric generators 
The accompanying table lists some 
relevant factors affecting the choice of 
compressors when considered for many 
(although not all) usual applications. 
idea of the suitable type of drivers 


Principal Compressor Types 


Inlet Volume 


Single Unit Compression 


Inlet Pressure C.F.M. Ratio 
Low High Low® High Lowest Highest 
29 in. Vac. any 10 40,000 1.8 1,000+" 
28 in. vac.? 100 Ib. 5 50,000 1.8 5 per 
gage stage 
02in. Hg any? 500 any 1.07 
abs. 120,000 
“microns” 20 lb -—— any* 1.2 10 per 
gage stage 


for lamp and tube evacuation. * About 500 highest to date. 


* Depends on physical size limitations only. * Lowest commercial. 
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lobe type rotary, (e) centrifugal and ({) steam jet 


is obtainable from the columns indi- 
eating the ranges of speed and horse 
power. This table is far from all-in- 
clusive. It has been assembled in order 
to give “thumb-nail biographies” of 
the principal types of compressors 

From the standpoint of power effi- 
ciency, the reciprocating type com- 
pressor is at a disadvantage for large 
volumes of low density gas or vapors, 
is the mechanical losses and particu- 
larly the losses by throttling through 
valves bear a high ratio to the total 
work accomplished. Most designs of 
positive rotary compressors avoid valve 
loss, but their mechanical losses under 
certain circumstances may bear a high 
ratio to the total work accomplished. 
The power efficiency of the reciprocat- 
ing machine is generally advantageous 
over a wider range of capacities and 
pressures than are those of its competi- 
tors. The rotary is high in efficiency 
at its design capacity or particular 
operating condition. The centrifugal 
machine has moderately high power 
efficiency for large volumes and fairly 
low pressure ratios, although an axial 
flow machine is efficient in a narrow 
range only. These properties make feasi- 
ble the use of centrifugals with low 
pressure refrigerants. The jet com- 
pressor is lowest in average power effi- 
ciency but in its field of very low 
density gas is probably as good or bet- 
ter than other compressor types can be 
made to be. 

In large capacity (over about 40 hp.) 
refrigeration applications, which are 
typical of one-component processes, two 
types of compressors predominate. The 
reciprocating type is confined to those 
refrigerants whose vapor pressure is 
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high through the range of temperature 
involved. Centrifugal compressors are 
used for the lower-vapor-pressure, 
higher-density refrigerants. For ex- 
ample, butane and most refrigerants 
with higher vapor pressure are most 
commonly handled with reciprocating 
compressors. Water vapor, trichlor- 
ethylene, dichlorethylene and the di- 
and monofluor chlormethanes are com- 
monly handled with centrifugal ma- 
chines, The jet type of compressor 
with water vapor as the refrigerant is 
expanding in application, particularly 
at temperatures of 40-50 deg. F. 

The chemical industry much more 
frequently handles mixtures of gases 
and vapors. The four types of com- 
pressors have properties and charac- 
teristics, the importance of which fre- 
quently overshadows considerations of 
cost or efficiency. With an especially 
corrosive gas, a reciprocating piston 
type machine, with its machined in- 
ternal surfaces in intimate contact 
with the gas, may be impossible to 
use. Also there may be available no 
lubricant for the internal parts which 
will not contaminate the gas or be 
rendered ineffective by it. 

Use of the jet compressor may not 
be feasible because direct mixing of 
motive fluid with suction fluid or with 
the other vapors or adsorbents involved 
in a process may not be permissible. 

The liquid-sealed rotary positive dis- 
placement machine of the Nash Hytor 
(liquid piston) type is often the most 
practical for handling highly corrosive 
gas. This is most frequently true in 
smaller volumes. These machines, be- 
cause of their possible slow speed, may 
be made out of resistant materials 
having relatively low mechanical prop- 
erties. All that is needed is an inert 
liquid or one which, if not inert, can 
be disposed of, reconditioned or reac- 
tivated at reasonably low cost. 

Occasionally the requirements of gas 
conditioning equipment may be such 
as to be benefited by pulsating flow or, 
vice versa, by the steadiest possible 
flow. The jet gives by far the steadiest 
flow conditions; axial, then radial flow 
centrifugal equipment the next; with 
rotary positive displacement and re- 
ciprocating positive displacement ma- 
chines last, depending on the pressure 
ratios and speeds. 

The reciprocating positive displace- 
ment type of machine and some of the 
rotary machines must, except with 
highly specialized designs, have some 
form of liquid lubricant in contact 
with the gas. Contamination of the 
gases or vapors by the lubricant can 
be reduced to a remarkably low mini- 
mum but can never be eliminated en- 
tirely, with reasonable maintenance 
expense. Compared to this, one of the 
rotary positive displacement types de- 
pends 100 per cent for its operation on 
a sealing fluid which can also present 
a contamination problem. Some rotary 
positive displacement machines require 
neither sealing fluid nor lubricant in 
contact with the gas and this property 
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may dictate the use of this type of 
machine in certain conditions. 

Centrifugal machines almost without 
exception require neither lubricant nor 
sealing fluid, except the shaft seals. 
Ingenious and acceptably simple de- 
signs are available which avoid contact 
between gas and sealant. 

The ejector type of compressor re- 
quires admixing with another vapor or 
gas. This can be an advantage or dis- 
advantage. For example, it is not un- 
usual, when one gas must be mixed 
with another, for one of the two gases 
to be available at a high pressure, 
while the second requires compression. 
Under such conditions the ejector is 
almost ideal because pressure reduction 
of the high pressure gas, pressure 
boosting of the low pressure gas and 
intimate mixing are all made to take 
place in one simple, compact and mod- 
erately efficient unit. 


From the standpoint of maintenance 
and attendance expense, a general rule, 
applying to most, non-severe cases 
might state that per thousand cubic 
feet of gas handled, the jet is most 
favorable, the centrifugal next, most 
rotaries next and the reciprocating 
compressor last. Almost enough ex- 
ceptions to invalidate this rule, are to 
be found. 

In the preparation of this article the 
author obtained help from Messrs. 
John Avery and Arch J. Cooper of the 
Allis-Chalmers Mfg. Co.; Arvid Peter 
son and H. Gartmann of the De Laval 
Steam Turbine Co.; R. N. Williams 
of the Elliott Co.; Gibbs, Karr and 
Loss of the Ingersoll-Rand Co.; D. L. 
Dowling of the Roots-Connersville 
Blower Corp.; and A. V. Saharoff of 
the Worthington Pump and Machinery 
Corp. This help is herein gratefully 
acknowledged. 


Heat Transfer Surfaces 


By CARLYLE M. ASHLEY, Director of Development, Carrier Corp., Syracuse, N. Y. 
Finned tubes of one kind or another are often first choice in the conditioning of 
gases and air because they satisfy most of the heat transfer requirements. 


N CHOOSING the heat transfer surface 
| or interchanger to suit the needs of 
a particular application, we may list a 
number of factors of general importance 
which may influence the choice. Among 
the more important of these are: 
(1) eost, (2) resistance to fluid flow, 
i. e€. pressure drop, (3) space occupied, 

4) volume of fluid required to fill the 
interchangers, (3) resistance to cor- 
rosion, (6) ease of cleaning, and 
(7) danger of damage due to freezing. 

The relation of these factors to 
equipment choice can best be shown by 
a study of specific problems of heat 
transfer. Heat transfer between a gas 
and a liquid, and more specifically be- 
tween water and air, should serve as a 
convenient starting point. 

As is well known, the heat transfer 
to a fluid which is in turbulent motion 
is limited by a slow moving film ad- 
jacent to the heat transfer surface. In 
this film the flow is non-turbulent and 
is parallel to the surface, thus requir- 
ing the heat to be transferred through 
the film by conduction. This so-called 
“film transfer” is a function not alone 
of the conductivity of the fluid, but of 
the velocity along the surface, the 
density of the fluid, the viscosity of 
the fluid, and the character of the heat 
transfer surface. Fdr air the film 
transfer varies from a value of less 
than 1 B.t.u. per hr. per sq. ft. per 
deg. F. difference in temperature, for 
certain types of surface with gravity 
convection of air, to about 20 B.t.u. 
per. hr. with very high air velocities. 
Usual values with forced air circula- 
tion lie between 5 and 15 B.t.u. per hr. 
On the other hand, the film transfer for 
water in turbulent flow varies between 
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limits of about 100 and 1,200 B.t.u. per 
hr. with usual values around 300 to 
800 B.t.u. A preferred form of heat 
transfer surface for this application is 
a pipe coil consisting of a series of 
tubes across which the air flows and 
through which the water flows in a 
direction generally at right angles to 
the air. Since the heat must pass in 
series through the external and in- 
ternal films and the metal of the tube, 
the low film transfer of the air forms 
a choke point for heat flow. 

To make the prime surface of the 
tubing more effective, extended surface 
is added on the air side in the form of 
fins. The added cost is only for the 
fins, and yet the total air side trans- 
fer of the coil is increased in approxi- 
mately the same order as the increase 
of the surface. The fins also introduce 
a new element of resistance to heat 
flow in the metal of the fins. With an 
all prime surface coil the conductivity 
of the tube is too great to be a factor 
in the problem, but with fins the 
amount of surface is increased and the 
cross-section is decreased. Metals 
having a high heat conductivity such 
as copper and aluminum are therefore 
preferred for fins and the thickness in 
relation to the size of the fin becomes a 
factor of importance. If a large 
amount of finned surface is added the 
choke point is transferred from the 
air film to the water film and metal 
until finally a point is reached beyond 
which a further extension of the fin is 
not economical. Accompanying illustra- 
tions show some of the features of 
finned coils for this type of transfer. 

Spirally wound finned surface finds 
its chief application as a blast coil 


as 
7 
4. 
= 


Fins on the tubes of this water-air heat exchanger consist 
of a soldered spiral winding as shown in detail in the inset 


with relatively high air velocities (300 
to 800 ft per min.) It is usually 
characterized by a high air film trans 
fer and a high metal transfer. The 
plate fin surface overlaps the field of 
the spiral fin surface but finds its 
preferred application where extremely 
low resistance to air flow is required as 
with gravity convection or where the 
flow is induced by ejector action. For 
this service the tubes are spaced far 
ther apart than is in accordance with 
good design practice with the spiral fin 
construction 

Face velocity is also kept very low. 
Under such a condition the air film 
transfer is low and thus more extended 
surface is economically justified which 
fits in admirably with the wide tube 
spacing required. With close fin spac- 
ings a point is finally reached as the 
velocity is reduced where the transfer 
is entirely by conduction between the 
metal and air. Further lowering of 
the velocity has no further effect on 
the transfer. Thus, it is possible to 
get reasonably good film transfers (3 to 
6 B.t.u. per hi with extremely low 
resistance to air flow By decreasing 
the size of tubing used for the coil it 
18 possible to decrease the spacing as 
well, and thus to decrease the thick- 
ness of the fin as well as the tube, mak 
ing a less expensive surface. However, 
where a coil of some size is to be used 
the circuiting of the water becomes 
more and more of a problem as the 


size of the tube is dec reased. Thus, 
for all but very small coils most of the 
tubing is from 4 to in. in outside 


diameter. 
Cost of a coil to meet a given applica- 
tion will be less the higher the air 


and water vel ties used since the film 


transfers increase with increase of 
However, the 
velocity results in an increase of re- 


velocity increased 
sistance to flow which may result in an 
objectionable operating cost, may in- 
crease the cost of other parts of the 
system, or may cause noise. For this 
reason specifications usually set a limit 
on the pressure drop on both the air 
and water side, 

Consideration should always be given 
to proper selection of materials to re- 
sist corrosion even though no special 
corrosion problem is involved. Usually 
an all copper and brass surface is pre- 
ferred, and with a casing properly 
protected by galvanizing and painting, 
but there are cases where other mate 
rials may be substituted to advantage. 

Where the water system is closed it 
is usually not necessary to make pro- 
visions to clean the water side, but 
where well water or other water which 
may bear silt or scale is used it may 
prove desirable to provide access 
through a removable header. If the 
air is dirty there may be a collection 
of dirt on the surface. Most of the 
dirt will collect on the entering side 
and can be removed by brushing, or 
with a jet of air or water. In some 
eases, however, it has proved desirable 
to divide the coil so as to provide 
access to each row. 

Where a water coil is in an air 
stream which may go below freezing 
some means of protecting it must be 
worked out. Either a non-freeze solu- 
tion must be used, or else the coil must 
be drained. Unfortunately, the usual 
water coil does not drain readily. Its 
water circuits zigzag back and forth 
from end to end of the coil so that 
the coil must be maintained level. 
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Here the fins consist of plates in which holes are punched 
for the tubes, which are expanded or soldered in place 


Pitching it either way will trap water 
in some portion of the coil. But the 
small tubes do not drain readily due 
to capillary hold-up of water and due 
to the effect of slight unavoidable dif- 
ferences in level. To be safe against 
freezing, therefore, it is advisable 
either to blow out the coil with com- 
pressed air, or to give the coil a slope 
toward one end. 

It is fortunate that the film trans- 
fer of steam and of evaporating and 
condensing refrigerants is in the same 
range as that of water as it permits 
the use of the same type of surface 
with all of these fluids. 

Besides the uses of this finned inter- 
changer as an air cooler and heater, 
and as a refrigerant evaporator and 
condenser, it also has many uses where 
the surface is wet. Where used as a 
cooler or evaporator the surface may 
be below the dewpoint of the surround- 
ing air, resulting in condensation of 
moisture on the surface. For other ap- 
plications water may be sprayed on 
the surface. For a cooler or evapora- 
tor this may be done to provide extra 
scrubbing action, to provide continu- 
ous humidity control or to remove frost 
(spraying brine) when the surface is 
below freezing. Another important 
application of sprayed surfaces is that 
of evaporative condensers. The spiral 
fin surface is particularly suited to ap 
plication as a sprayed surface due to 
its tendency to redistribute water from 
row to row and due to its relatively 
low build-up of resistance. When high 
air velocities are maintained through 
wetted coils the water tends to carry 
through and requires the use of elimi- 
nators. When the coil surface is wet 
the transfer of heat is related to the 
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difference in total heat between the 
air and the surface instead of the dif- 
ference ir temperature. 

The same type of surface is suitable 
for use with gases other than air in 
chemical process work. The problem 
of transfer from one liquid to an- 
other, or from liquid to evaporating 
liquid or condensing vapor usually re- 
quires a rather different solution. 

In refrigerant condensers it is usual- 
ly economical to use some extended sur- 
face, even though the condensing film 
transfer rate is fairly high. In this 
case, however, the fins must be low and 
thick so as to keep the metal transfer 
high. The use of fins increases the 
capacity of a given size of condenser 
and at the same time by shortening 
each circuit permits the use of higher 
water velocities with the same pres- 
sure drop. 

In interchangers, cooling water by 
refrigerant evaporation, the same con- 
siderations govern as in condensers. 
Another important reason for the use 
of fins is to reduce the required charge 
of refrigerant, which is frequently a 
factor of importance in the total cost 
of the cooler. Besides this the more 
compact surface results in a higher 
refrigerant film transfer. In a recently 
introduced line of refrigerating ma- 
chines both condenser and water cooler 
were with fins extruded from the tube 
itself. The fins were so short that the 
ends could be belled to the diameter of 
the fin, thus making possible the in- 
dividual removal of each tube from 
the tube sheets. Results obtained 
were beyond theoretical expectations. 

Condensers and water coolers are of 
four primary types: (1) shell and 
tube construction with tubes between 
two tube sheets and water usually 
through the tubes; (2) shell and tube 
construction with one tube sheet and 
return bends on other end; (3) shell 
and coil construction, either with coil 
with return bends or wound in a 
spiral or helix; and (4) double pipe 
construction. Where cleanable tubes 
are required the first type is preferred 
although the second may be used. 

Liquid to liquid interchangers take 
a wide variety of forms. Where one of 
the liquids has a high viscosity and 
low conductivity, as for instance, oil, 
the use of extended surface may be in- 
dicated using a shell and tube inter- 
changer or a shell and coil. Another 
approach is through the use of thin 
passages for the viscous liquid so that 
the heat transfer by conduction is 
high. This may be in the form of a 
double pipe interchanger or a plate 
interchanger. The latter is particu- 
larly well adapted to uses requiring a 
low pressure drop. 

Where the film transfer of both 
fluids is high, it is customary to use 
prime surface either in a double tube, 
coil and tube, or shell and tube inter- 
changer. However, where the cost of 
the construction is high, fins on one or 
both sides are economically justified. 


Gas-Cleaning Equipment 


By EDITORIAL STAFF. Regardless of the season, whether gas is humidified or 
dehumidified, cooled or heated, one part of a conditioning system is always the 
same. That one element which functions both summer and winter is cleaning 
equipment. Various types are described briefly. 


N INDUSTRIAL PLANTS all gases, in- 
| cluding air, are contaminated to 
some extent by dust, grit and dirt; by 
fumes, smokes, soot and odors; germs, 
bacteria, pollens and spores. And con- 
ditioning, as the name implies, means 
the elimination of a large percentage 
of these undesirables as a matter of 
health, nuisance elimination, avoidance 
of fouling of air conditioning equip- 
ment and, sometimes, recovery of valu- 
able materials. 

For the purposes of our discussion 
here, the methods of gas and air clean- 
ing are separated into two divisions: 
gas-liquid contactors and dry dust col- 
lectors. The first of these two sections, 
because of the industrial importance 
of gas-liquid contacting equipment, will 
be covered in another article of this 
report, and so will only be mentioned 
here. 

Most commonly encountered of the 
liquid contactors is the spray chamber 
which is capable of removing some 
dusts, bacteria, odors and so forth, but 
little smoke, if present. Some dirt 
not caught by the spray is eliminated 
from the air stream by impingement 
on the wetted eliminator baffles. 

Two other types of apparatus used 
in the field of air conditioning are plate 
contactors and packed towers. In both 
cases gases are washed by exposing 
them to large areas of wetted surfaces 
which trap dirt and dusts. 


Other methods used industrially are 
wet cyclones, mechanical scrubbers and 
bubble contactors. Wet cyclones, such 
as the Pease-Anthony and the Schneible 
types, have rotating sprays and cur- 
tains of water which entrap the dusts 
and fumes and carry them out. Me 
chanical scrubbers of the disintegrator 
and Feld types act similarly but dis 
perse large quantities of water mechani- 
cally. Bubble contactors may have one 
bubble cap plate, for example, as in the 
Bartlett-Hayward or they may have 
many plates as in a rectifying column. 


Dry Dust Collectors 

Settling—Simplest of all methods of 
dust collection are settling chambers 
in which gravity removes the particles. 
Applications of this mode of separation 
are limited, however, as the lower size 
limit is about 100 microns diameter. 
Accelerated settling may be accom 
plished by various devices of the cyclone 
type. Theoretical considerations in 
cyclone design show that radius of the 
circular path should be small and that 
velocity should be high. These ob 
servations are the reason for the de 
sign of the multiple cyclone dust col 
lector shown in an accompanying 
illustration. 

Electrostatic Precipitation — Heavy 
dust loadings are generally reduced in 
dustrially by some form of settling de 
vice, followed by a cleaning up of the 


Diagrammatic representation of typical air and gas-cleaning equipment 
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exit gases with a Cottrell electrostatic 
precipitator. This method is most ef- 
fective in the control and recovery of 
fine dusts, smokes and fumes. For the 
requirements of light dust loadings met 
in air conditioning, a comparatively 
recent development has made electro 
static precipitation also suitable fo 
air cleaning and there seems to be no 
lower limit to the size of smokes. fumes 
and other particles which may be re- 
moved by this method. The Precipi- 
tron unit, see diagram, consists essen 
tially of an ionizing unit, collector cell 
and power pack Air or gas to be 
cleaned enters the unit and the particles 
accumulate a charge. The charged pal 
ticles are then attracted to collecto: 
plates, give up their charges and are 
held by adhesion Voltages are sup 
plied by a power pack using 110 a.c. and 
2,400 ¢.f.m. of gas requires about 75 
watts. Precipitrons are standardized 
and almost any gas flow may be handled 
by using one or several units. 
Filtration Simplest of all methods 
of gas cleaning is passage of the stream 
through some porous medium. Fabri 
or fibrous, and viscous, are the two 
classifications of filter media. In the 
first, layers of cloth, porous paper o1 
woven or felted fabrics serve to catch 
the dust and dirt 
usually consist of pads of mineral, glass 


Fibrous materials 


or vegetable fibers Viscous filters con 
sist of relatively coarse mineral or 
metal threads coated with a liquid ma- 
terial to which dirt and other matter 
will adhere as the air or gas passes 
through. 

Foreign matter is removed from air 
streams by either the “labyrinth” o1 
“flypaper” method or a combination of 
the two. In the former. the air passes 
through so many devious twists and 
turns that most of the dust impinges 
on a surtace to which it adheres. The 
so-called “flypaper” method implies a 
coated area on which a viscous coating 
is applied, Any particle of dust im- 
pinging on this coating is retained 

Older types of dry filters are cleaned 
by vacuum cleaner or washed. but the 
more recent installations use the throw- 
away type which are inexpensive 
enough to discard and replace as they 
become unusable Such units may be 
fastened together, either in a bank or 
a series of V's, to make a filter of al- 
most any capacity. Design of the unit 
should allow for air velocity of not 
more than 400 ft. per min. and a re 
sistance to flow of not more than 0.25 
in. of water. 

The continuously washed, viscous 
coated filter shown in the accompany- 
ing illustration consists of a curtain 
of screens moving continuously on an 
endless belt. At the bottom, the screens 
are washed by passage through the 
liquid and at the same time pick up 
enough of the liquid to act as a vis 
cous coating on the next trip around. 
This type 18 relatively expensive and 
is used for high capacity installations 
of 50,000 ¢.f.m. or more or where the 
use factor is high. 


Liquid-Gas Contactors 


By H. F. JOHNSTONE, Professor of Chemical Engineering, University of Illinois, Urbana, 
Ill. There are a number of types of liquid-gas contactors which accomplish humidifica- 
tion and dehumidification by (a) liquid droplets moving through gas, (b) gas moving 
over wetted surfaces or (c) gas bubbles released below liquid surface. These are 
described and compared in the following pages. 


N THE BROAD SENSE the terms humid- 
| tification and dehumidification refer. 
respectively, to the processes of in- 
creasing and decreasing the concentra- 
tion of any condensable constituent of 
a gas. This paper will deseribe liquid- 
gas contacting equipment for carrying 
out these processes where change in 
vapor pressure (rather than gas ab 
sorption) is the primary consideration. 
In this instance humidification is ac- 
complished by evaporation into the gas 
stream and dehumidification by con- 
densation on droplets or on a_ wet 
surface. 

The mechanism of vapor pressure 
change is similar to desorption and 
absorption in that material must be 
transferred by molecular’ diffusion 
across a gas film adjacent to the liquid 
surface, and by eddy diffusion through 
the bulk of the carrier gas. However. 
it differs in that large quantities of 
latent heat must be transferred as well 
as sensible heat in the same or opposite 
direction. This is true because the 
transfer of heat depends on the magni- 
tude and direction of the temperature 
gradient; and the transfer of vapor 
similarly on vapor pressure gradient. 

Among the factors which influence 
diffusional processes, the shape of the 
interface and the interfacial velocity 
are among the most important. These 
are also the two that can be varied 
the most in the design of equipment 
used to bring gases and liquids in con- 
tact with each other. Classification, 
therefore, will naturally be made along 
these lines. 

From the standpoint of surfaces, 
three types are immediately apparent: 
(a) liquid droplets. moving through 
the gas, (b) wetted surfaces usually 
established by some sort of packing, 
and (c) bubble surfaces produced by 
release of the gas under the surface 
of the liquid. The effect of other 
variables, which cannot be changed 
independently of the type of surface, 
requires a restriction to the general 
application of each type. Each should 
be used only in the field in which it 
has unique advantages. 

Spray type humidifiers are com- 
monly used in air conditioning equip- 
ment (See cut). Experiments® have 
shown that the coefficient of mass 
transfer through the gas film is high as 
long as the drop is moving at an ap- 
preciable velocity relative to the gas. 
Since the surface per unit volume of 
liquid varies inversely as the diameter 
of the drop, large surfaces can only be 
obtained by fine atomization of the 
liquid. This may be accomplished by 
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spraying the liquid through nozzles 
operated at high pressures, or by dis- 
charging the liquid onto a whirling 
disk, or wheel. Unfortunately, the 
kinetic energy of the small droplets 
is rapidly lost due to the resistance 
to their passage through the gas. 
Consequently, droplets under 400 mi- 
crons in diameter soon decelerate even 
when propelled at high initial veloci- 
ties. Furthermore, if the spray con- 
tains droplets of widely differing sizes, 
coalescence takes place due to the 
larger drops sweeping out the smaller 
ones. As a result of these effects the 
volume coefficient of mass transfer for 
a simple spray decreases rapidly with 
distance in front of the nozzles. For 
this reason such sprays have not been 
adopted where high efficiency is re- 
quired. A more careful study on the 
part of the manufacturers of spray 
nozzles should overcome some of the 
disadvantages of simple spray cham- 
bers. At the present time spray hu- 
midifiers usually consist of horizontal 
nozzles set at relatively short dis- 
tances in front of baffles. Undoubtedly 
the action of the wetted surfaces of 
the latter contributes much to the 
humidification efficiency of the spray 
chamber. 

Recently, considerable attention has 
been given to the wet cyclone cham- 
bers (See cut). In this modification 
of the spray tower the droplets are 
formed by nozzles located at the cen- 
ter of the cyclone. The gases enter 
the chamber tangentially, thereby set- 
ting up a centrifugal force which hurls 
even the smallest droplets through 
the gas at high velocities. Although 
considerable coalescence of droplets 
probably takes place here also, with 
properly designed nozzles the absorp- 
tion and humidification coefficients are 
surprisingly high. Tests* on two large 
scrubbers of this type have indicated 
that gases at 450 deg. F. may be 
brought to within a few per cent of 
their saturation. Each of these scrub- 
bers handled approximately 50,000 ecu. 
ft. of hot gas per minute and were 
10 ft. in diameter and 20 ft. high. 
The water rate was 50 to 100 gal. per 
min. to each scrubber. The great ad- 
vantage of the wet cyclone, of course, 
is the simplicity of construction and 
the low draft loss associated with the 
passage of the gas through the empty 
chamber. Removal of extremely fine 
dust and tar particles can be accom- 
plished simultaneously with the hu- 
midification.® 

Although spray towers have not been 


used for dehumidification of gases, 
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chiefly because of the absence of sur- 
faces which could serve to absorb heat 
continuously, it is possible that they 
could serve as such by the introduc- 
tion of a large amount of liquid pre- 
cooled to a temperature considerably 
below the wet bulb of the gases. In 
general, such towers operate with high 
liquid-to-gas ratios in any case be- 
cause of the low hold-up. The high 
heat transfer coefficient which exists 
around small particles passing through 
a gas should promote high efficiency. 
The opportunities for variations in 
design are even greater when wetted 
surfaces are used for gas conditioning 
equipment. A number of new types 
of tower packing have appeared in 
recent years which are highly efficient 
from the standpoint of having high 
transfer coefficients, large surfaces per 
unit volume, high liquid and gas rates, 
low resistance to gas flow, and low 
weights per cubic foot.’ In general, 
the small packing used for absorption 
towers is not as suitable for condi- 
tioning of large quantities of gases as 
The lat- 
ter has been thoroughly studied both 
in this country* and abroad and has 
been adopted in England for the diffi- 
cult operation of absorbing sulphw 


the more open grid packing. 


dioxide from hot, dust laden flue gases.’ 
Humidification of the gases in these 
scrubbers is nearly 100 per cent in 
spite of a travel of only a few feet. 
Draft loss is less than 1 in. of water at 
gas velocities of 10 ft. per sec., or 
more. Optimum spacing of the grids 
has been proposed for maximum effi- 
ciency at minimum 
Although wood is usually used 


power require- 
ments, 
for grid packing, ceramic grids with 


patented drip points are available. 


Unusual photograph of a B. F. Sturtevant Co. spray washer 


Slat packed towers have long been 
used for water cooling. The cool- 
humidifica- 
tion of air having a wet bulb tempera- 
ture lower than the temperature of 
the water. 
operated either with natural draft or 
The operating 
and design characteristics of these was 


ing is accomplished by 


Cooling towers may be 
with forced convection. 


presented in the recent papers by 
Simons in Chem. & Met” In the com- 
mon splash deck tower the overall heat 
transfer coefficient depends upon the 
wind velocity as well as on certain 
tower dimensions including the angle 
of the louvers, the tower height, the 
number of bays, deck spacing, thick 
ness of the deck slats and the width 
against the wind of the posts and ties. 
In forced convection cooling towers 
streamlining of the slats is recom- 
mended in order to obtain low re- 
sistance to air flow, spreading of the 
water and low entrainment. 

In this connection, a word might 
be said about the effective resistance 
of packed towers. It is known that 
resistance to the flow of a gas through 
a tortuous channel is due to two effects, 
the skin friction and the form drag. 
The former is the usual wall resistance 
encountered in flow through pipes 
while the latter is due to the inertial 
effects of change in direction and en 
trance and exit losses. From the 
analogy between momentum transfei 
across boundary layers and heat o1 
mass transfer, it is probable that any 
increase in skin friction in a packed 
tower is accompanied by a_ propor 
tional increase in the transfer coeffi 
cients. On the other hand, evidence 
indicates that the increase in the trans 


fer coefficient accompanying an_in- 
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crease in resistance due to the shape 
of the surface is proportional only to 
the square root of the increase in re- 
sistance. The energy used in creat- 
ing turbulence, therefore, is not as ef 
fective as that used to overcome skin 
friction. So far as humidification and 
dehumidification 
cerned, from the standpoint of power 
consumption, the ideal packing would 
consist of a bundle of vertical tubes, 
or a series of vertical plates. As a 
matter of fact, the latter forms the 
basis of one type of commercial con 
tactor.” 
power consumption usually enter into 


equipment is con 


Since other factors besides 


the choice of a suitable packing ma 
terial, such as liquid hold up, flooding 
velocity, permissible height, etc., it is 
usually advisable to include some in- 
ertial effects in order to decrease the 
size of the tower. 

For dehumidification of gases by 
cooling, packed towers offer the ad 
vantage of permitting the cooling sur- 
faces to be imbedded in the packing or 
actually serving as part of the con- 
tact surface. From this standpoint, 
dephlegmators consisting of vertical 
tubes, finned tubes and similar surfaces 
are actually wetted wall dehumidifiers. 
An interesting application of a com- 
bined humidifier, dehumidifier, and gas 
absorber of this type was recently pro 
posed based on removing the heat of 
condensation by evaporative cooling.‘ 
The problem arises in absorbing a com- 
ponent of gas from hot gases having 
high humidity. In an ordinary ab 
sorption column the effluent tempera- 
ture of an aqueous solvent would be 
very near the wet bulb temperature. 
The solubility of the component of the 
gas to be removed, however, in general 


Atmospheric water cooling tower of Foster Wheeler design 
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decreases rapidly with increase in tem- 
perature Consequently, the rate of 
solution and the capacity of the solvent 
will often be very low due to the 
high wet-bulb temperature. A change 
of a few degrees in the temperature 


of the interface may mean the dif- 
ference in the success or failure of 
the process. In such a case, rather 


than provide cooling coils and circu- 
late enormous quantities of water, the 
interface easily and 
cheaply by installing a series of verti- 
cal plates in the bottom of the ab- 
sorption walls of al- 
ternate channels are wet with water 
and cooled by evaporation into an air 
stream, while the opposite surfaces pro- 
vide contact between gas and absorbent. 
A decrease of 15 deg. F. in the inter- 
face temperature has been found pos- 
sible with such an arrangement. 
Devices for contacting with 
liquid by means of bubble surfaces are 


may be cooled 


column. The 


gases 


seldom used on a large scale for hu- 
midification, or dehumidification, prob- 
ably because of the cost of construc- 
tion and of moving the gas against the 
high resistance encountered. Aerators 
made of porous plates, or membranes, 
are commonly used in the laboratory 
for humidification. In industry, these 
are usually employed for the absorption 
of slightly soluble gases and evapora- 
tion of the solvent is only incidental 
to the absorption. From the funda- 
mental theoretical aspects it would 
appear that the gas film resistance 
should control in humidification. The 
effective thickness of this film is un- 
doubtedly greater in bubbles than in 
either of the other two types of sur- 
faces. Consequently, aerators are not 
particularly efficient for humidifica 
tion. This will be appreciated by any- 
one who has had the problem of sat- 
urating a gas by bubbling through a 
liquid. Bubble-cap plate columns might 
also be considered as primarily bubble 
surfaces. For gas conditioning equip- 
ment these are open to the same ob- 
jection as bubble aerators. 

So far in this paper only types of 
equipment have been considered. Nu- 
merous examples of each of these could 
be offered, each with certain unique 
fields of applications. The accompany- 
ing table illustrates how some of the 
equipment used in industry could be 
classified. 
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Summary of Equipment Which Is Used for Conditioning Gases 


Type and Description 


Spray, horizontal nozzles 


Spray, vertical nozzles 


Spray pond 


action 


cyclone action 


I 
Air conditioning by 
humidification, or de- 

| humidification 


Water cooling by humidi- 
fication of air 


Spray, produced by mechanical] Absorption, humidifica- 


tion, vapor recovery, 
dust and fume removal 


Spray, from nozzles, propelled by} Dust, mist and tar re-| 


moval, absorption and 
humidification 


Advantages 


Simple construction, 
draft loss, baffles required 
contribute to efficiency 


Great simplicity, low first 
cost 


| 


Disadvantages 


Large working volume, large 
ratio of liquid to gas 


Same as above, uniformity 


of spray desirable, 
effectiveness decreases 


rapidly with distance in 
front of nozzle 

Large loss by windage, 
power required for 
high, large ground area 
required 


Moderate draft loss, low] 
liquid head, low liquid to 
gas ratio 


Simplicity, no moving parts, 
low draft loss, high effici- 
ency for humidification 
and gas absorption 


Spray, formed by impingement} Same as above 


and propelled by 
action 


cyclone 


No moving parts or nozzles 


Packed tower, ceramic ware,| Absorption and vapor re- 


coke, and crushed stone pack- 


ing 


covery, humidification 


Packed tower, grid packing 


Packed tower, plate contactor 


Absorption and vapor re- 
covery, water cooling 
and humidification dust 
removal 


Mechanical wear and cor- 
rosiveness of moving parts 


Relatively large volume, 
large ratio of liquid to gas 


Higher draft loss than above 


High volume _ efficiency, 
moderate first cost, low 
liquid to gas ratio, large 
hold up permits satura- 
tion of solvent with gas 


High volume efficiency, low 
first cost — low draft loss, 
high gas rates 


High draft loss, relatively 
low gas rates 


Low liquid hold up un- 
desirable for some pur- 
relatively high 

iquid to gas ratio 


Absorption and vapor re- 
covery, humidification 


Low first cost, low draft loss, 
high gas rates, evaporative| 
cooling possible 


Low volume efficiency 


Bubble, aerators 


Bubble, plate columns 


H umidification, 


Low first cost, low liquid to 


High power requirements, 


| tion of slightly soluble gas ratio can be obtained low gas rates, low effici- 
| gases ency for humidification 

| Absorption, vapor re-| Standard construction, low) Large draft loss, low gas 
| covery and distillation, liquid to gas ratio, high rates, large hold-up, high 
humidification efficiency for distillation | costs, moderate to low 


efficiency for absorption 
and humidification 


High absorption and humidification coefficients are attained with the Pease 
Anthony scrubber (ieft) and the Nonhebel gas scrubber (used in England) 
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Air Conditioning 


By EDITORIAL STAFF. The principles of air conditioning have been covered in earlier 
articles, together with a general description of most of the fundamental systems and 
types of equipment. It remains to show how these principles and types of equip- 
ment cre tied together into an operating whole for the purpose of controlling con- 
ditions of air. The article indicates the chief factors and how they are determined. 


IR CONDITIONING is generally divided 
A into two principal types, comfort 
and industrial. Comfort conditioning 
requires controlling the conditions of 
air for the maximum practically at- 
tainable comfort of people within the 
conditioned space, whereas industrial 
conditioning is designed to give the 
optimum conditions of the air in rela- 
tion to their effect on the properties 
of materials handled, processed or 
stored within the conditioned space. 
It may happen that optimum indus- 
trial conditions also correspond closely 
with optimum comfort conditions in a 
given case, but this is not necessarily 
true. Sometimes industrial condition- 
ing must be a compromise between 
optimum processing conditions and 
optimum eomfort conditions. 

Complete Atr Conditioning The 
phrase “air conditioning” contemplates 
the simultaneous control of several of 
the most obvious properties of air, in 
cluding (1) temperature, (2) humid 
ity, (3) composition and purity, and 
(4) direction and motion. Anything 
less than the control of these four fac- 
tors is not air conditioning, although 
some simpler process might accurately 
be described as partial air condition- 
ing. At the present stage, the control 
of other factors such as the state of 
ionization of the air is not attempted. 

Criteria of Comfort Conditioning 
The process of dissipating body heat is 
not alone the transfer of sensible heat 
to the surroundings, but also involves 
the transfer of latent heat in the form 
of perspiration evaporated from the 
surface of the body. Therefore air con 
ditions inhibiting the evolution of 
latent heat must be offset by ability of 
the air to remove sensible heat if more 
or less serious upsets in the body’s 
heat balance are not to oceur. With air 
of lower relative humidity or a higher 
velocity of flow over the body at the 
same temperature, more of the heat 
given off by the body can be in the 
latent form from which it follows that 
there are various conditions of air 
temperature, relative humidity and ve- 
locity which will permit the same rate 
of body heat evolution, and hence will 
vive the same effect of air temperature. 
Many experiments of the American So 
ciety of Heating and Ventilating Engi- 
neers, and others, have established this 
fact and the society has plotted the 
various combinations of temperature 
and relative humidity which give the 
same effect of temperature (effective 
temperature). A simplified form of the 
A.S.H.V.E. comfort chart for still air 


Wet Bulb Temperature, Dea. F 


| ASV E. 
65 % Subjects for Still Air 
10 RO 90 100 


emperature, Dea. F 


Fig. 1—Skeleton comfort chart indicating 
optimum comfort conditions in still air 


(15 to 25 ft. per minute) appears in 
Fig. 1, from which it will be noted that 
the optimum effective temperatures 
vary from summer to winter. It is also 
to be noted that acclimatization is a 
factor in comfort and that this chart. 
developed for the northeastern part of 
the United States, does not necessarily 
apply in other regions. Nor does this 
chart apply at higher air velocities. 
The effect of more rapid circulation in 
increasing evaporation from the body 
is reflected in effective temperature 
lines for the higher velocities being dis- 
placed to the right on Fig. 1. 

Changes in environment also have an 
effect on comfort, a fact which is evi 
dent from the feeling of shock which 
may follow changing from a high out- 
door dry bulb to a conditioned space. 
For this reason for spaces in which 
the occupancy is of short duration it is 
customary to carry a higher effective 
temperature as the outside dry bulb 
increases, This question is covered in 
detail for various types of occupancy 
in the A.S.H.V.E. Guide and in books 
on air conditioning. 

Criteria of Industrial Conditioning 
—As has been pointed out by L. Logan 
Lewis and others, industrial air condi- 
tioning has four principal aims, in- 
eluding the control of (1) physical 
properties of materials, (2) chemical 
reactions, (3) biological processes, and 
(4) comfort, health and efficiency of 
workers. 

In the first classification are found 
such applications of air conditioning 
as in rayon (and other textile fiber) 
manufacture and handling; in tobacco 
processing; in the drying of numerous 
materials such as ceramics; and in the 
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handling and packaging of numerous 
hygroscopic salts such as pharmaceuti 
cal preparations. Chemical control, as 
in the second classification, occurs in 
the drying of blast furnace air; and 
in the reactions employed in the pro 
duction of viscose. Biological control, 
the third classification, has applications 
where fermentation reactions are em 
ployed as in brewing; in the production 
of bread and pastry doughs; presery 
ing foods; experimental work on pest 
control, plant life, mold growth, ete. 
An outstanding example of the fourth 
classification, air conditioning for in- 
creasing the efficiency of workers, is 
found in deep mines where tempera- 
tures and humidities may be so high 
as to make efficient work impossible 
without dehumidification and cooling. 


Air Conditioning Demands 


n°“ that it is clear that the conditions 
of air to be maintained in a condi 
tioned space must be determined from 
the requirements of the space, whether 
they be for comfort or industrial needs, 
it is no longer necessary in considering 
how air conditioning can be accom- 
plished to distinguish between comfort 
and industrial conditioning. Rather, it 
is necessary only to decide what the 
desired ¢onditions are, what upsetting 
influences there are, and how these In 
fluences can be offset. 

As has been explained air condition 
ing requires the simultaneous control 
of temperature, humidity and purity of 
the air, as well as direction and motion 
of the air flow. The upsetting factors 
related with each of these conditions of 
air may be listed as follows: 

Transfer of 
heat from or to the surroundings by 
in- or exfiltration, conduction through 
the walls, doors or windows, or by ra 
diation. (b) Release of sensible heat 
within the conditioned space by ex 


l. Temperature (a) 


penditure of electrical energy (motors, 
lights, heaters); by people or animals; 
by flames or other chemical reactions. 
(c) Loss of heat in combustion air 
supplied to furnaces discharging to the 
atmosphere. 

2. Humidity—(a) Transfer of mois 
ture in air from or to the surroundings 
by in- or exfiltration; or by actual 
passage through the walls owing to a 
difference in the partial pressure of 
water vapor between the conditioned 
space and its surroundings. (b) Re- 
lease of moisture by vaporization 
processes or by combustion processes 


Articles which appear in the earlier 
pages of this report have discussed 
the fundamentals of gas-vapor rela- 
tions and the processes and equipment 
used in psychrometric operations. The 
remaining articles, of which this is 
the first, “button up” the preceding 
sections and show how air condition- 
ing, solvent recovery and air drying 
employ the principles enumerated. 
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discharging flue gases into the condi- 
tioned space; and moisture evaporated 
by people and animals. (c) Loss of 
moisture by condensation on cold sur- 
faces such as walls, roofs or window- 
panes, 

Purity—(a) En- 
trance of dust, dirt, bacteria and pollen 
into the conditioned space by infiltra- 
Production 


Composition and 


tion or other means. (6) 
of dirt, fumes, gases or odors within 
the conditioned space by manufactur- 
ing processes, reactions or combustion. 
(ec) Discharge of body odors and bac 
conditioned 
people or animals. 
Direction and Motion—Left to itself, 
the convection of air within the condi- 


teria into the space by 


tioned space may not be sufficient to 
desired rate of body 
Natural 
in- and exfiltration may not produce 
ventilation. On the other 
hand, air conditioning requires move- 
ment of considerable quantities of air 
from the conditioned space to the con- 


produce the 
evaporation, convection and 


adequate 


ditioning equipment, and between the 
space and the outside for ventilation. 
The control of direction and motion 
therefore requires proper design of the 
distribution system to the end that air 
motion in the conditioned space be 
reasonably uniform and preferably im 


verceptible. 
I 


Determining Gains and Losses 


From the above outline, it is clear 
that the principal gains and losses to 
be considered in an air conditioning 
installation are those of heat and 
moisture. Control of air purity is gen 
erally relatively simple and will there 
fore be considered first 

tir Purity—For ordinary air condi 
tioning purposes, the capacity of a 
device for maintaining air purity is de 
termined not by the amount of mate 
rial to be removed from the air, but 


by the amount of fresh air and recit 


tion of these substances that can occur 
even under conditions of excessive 
crowding. Rather, air vitiation arises 
from body odors and the increase in 
humidity and temperature due to occu- 
pancy. Odor control is generally accom- 
plished by dilution, i.e., by providing 
a certain proportion of fresh outside 
air, the proportion as shown by books 
on air conditioning depending on the 
number of occupants and the kind of 
activity within the conditioned space. 
In conditioned spaces where chemical 
reactions are not carried out, odors are 
generally organic in character and the 
odorous ingredients present in immeas- 
urably small concentrations, Some re- 
duction in the odor concentration of 
air can be made by air washing, while 
a greater reduction is possible by pass- 
ing the air over activated carbon which, 
type, can 
adsorb up to 20 per cent of its weight 


when it is of a suitable 
in odor producing materials. Thus in- 
stallations employing either air wash- 
ers or activated carbon adsorbers, can 
dispense with a part or even all of the 
ventilation which would 
otherwise be required, thus reducing 


intentional 
considerably the quantity of outside 
air that must be conditioned. 
Humidity and temperature increase, 
the other factors in air vitiation, will 
be covered later. At this point, there 
fore, the remaining factor in air pur 
ity, that of foreign bodies such as dirt, 
dust, bacteria and pollen in the air, 
will be considered. In general, three 
methods are used to remove foreign 
bodies : (1) 


and (3) electrostatic precipitators., 


filters, (2) air washers, 

1. The most common method is to 
employ filters, which are either of the 
throw-away or of the cleanable type 
Among throw-away filters, both cloth 
and paper filter media have been used 
to a considerable extent, but the pres 
toward fiber 


ent trend seems to be 


filters, 


put is considerable, cleanable 
especially automatically cleaned filters 
of the curtain type, are used. 

2. Probably the greatest number of 

large air conditioning installations 
employ a spray washer for humidity 
control, and since a spray washer is 
an effective air cleaning device, it dis- 
penses with filters. 
3. A recent development is the Pre- 
cipitron type of electrostatic precipi- 
tator which is employed principally for 
air cleaning. Current supply is taken 
from an ordinary power circuit and 
converted by means of vacuum tubes. 
Such units are simple and are claimed 
to require little maintenance, yet have 
cleaning efficiency for 
particles in air. 

A recent development is a combina- 
filter and _ electro- 
static precipitator designed to separate 
the larger air-borne particles by filter- 
ing action, and the finer particles down 
to the size of smoke by electrostatic 
action. 


a high solid 


tion self-cleaning 


Sensible Heat Gains and Losses— 
The first requirement in calculating 
any air conditioning system is to de- 
quantity of heat that 
must be released in or removed from 


termine the 


the conditioned space per unit of time. 
Ordinarily, when the heating and cool- 
ing of air and its contained water 
vapor are mentioned, sensible heating 
which is the 


or cooling is meant, 


change in heat content which brings 


about temperature change. Moreover, 
when the process involves changes in 
moisture content as well as tempera- 
ture, it is shown in Fig. 2 that a 
change in the latent heat of the mois- 
ture in the air also takes place and 
that the entire change can most con- 
veniently be considered a change in the 
total heat of the air. 

Determination of the sensible heat 
conditioned 


gains or losses in the 


glass filters, the fibers of which are space requires first setting up the 
culated air to be handled by the sys given a viscous 
tem. Therefore the question of deter coating to entrap 
mining the amount of such impurities particles in the P 80, 
is ordinar ly not onsidered air There are 10 hir-Water Vapor Chart 
Although it is true that people some large in Based on 2952 in.barometer 
1] }40 9 
within the conditioned space consume stallations using 09 \, } 3 
oxygen and give off carbon dioxide, it throw-away fil 3 
has been demonstrated that the vitia ters but more a E 5 
tion of air does not depend in any way commonly where > ere 7 c E 
on the minute changes of concentra- the air through = 
E 07 of < 
Fig. 2—-Solution of typical air conditioning problem £ 
Problem Air to be maintained at tion (1) by coil 5 4 
ooling and ndensation Space condit d has 7,000 B.t.u 
per hour ensible and 000 B.t.u ur latent heat gain 60° 
150 f of fresh air at ( is to be supplied = 05 
Find refrigeration required 
Solution: Lay ff lient auxiliars tal heat scale at 
lower right Since ga 7 B.t.u. sensib B.t.u. latent, £ 04 a 60 § 
proj i B.t.u lewpoint ne throug (1) and project 3 » — 
B.tu. ¢ iry bu ne through (1) e parallelogram 2 
and draw diagonal (1)-(2) for direction designating propor- © O03 3 3 
tion of sensible to latent gain M E 4o € 
Coil produces 90 per cent of saturation in air, determining - = # 
point (2) Proje sensible heat gain (1)-(2) on total heat 
seal 6 B.t.u. per lb. sensib gain from coil to room condi- £ 
tion, requiring 7,000/6 1,167 Ib. cooled air per hour, which = % = o 
at 13.16 cu, ft ; b 15 0 cu. ft. per hour 9.000 cu. ft +20 @ 
per hour fresh air+10,320 »8.6 per cent fresh air, determining =< ss 
by proportion point (4) on line (1)-(3), thus giving condition \ +10 
f mixture to <« l Project points (4) and (2) on total heat o* Ts wee 
scale=13.7 B.t.u. per Ib. cooling in going from (4) to (2) —— ~ + ~- £ 0 0 
Therefore, 15.320 x 15.7--13.16 2530 40 50 7 90 


15,900 B.t.u. per hour cooling 


load = 15,900+-12,000—1.325 tons refrigeration 


326 


1940 


Dry Bulb Temperature, Deg. F 


CHEMICAL 


& METALLURGICAL 


ENGINEERING 


+ 
4 


Products and Industries in Which Air Conditioning Can Be Used Effectively 


Based upon a list drawn up for Chem. & Met. by the Carrier Corp., plus a survey 


of the literature and known applications. 
where only refrigeration is required have 


plete air conditioning but applications 


not been included. The list is presented 
principles could be used to advantage but 


of applications where air conditioning 
are not now being used, 


Control of Physical Properties 


Manufacturing and Processing—Abrasive 


wheels, sand paper; adhesives; artificial 
leather; asphalt base floor coverings and 
roofings; baking powders blast furnace 
air; blueing; candles; cellulose sheeting; 
ceramics chemicals, miscl.; cigarettes 


and cigars; cork products; cotton spinning; 
decals drug grinding and preparations; 
engraving; explosives; films; glass (pre- 

sion grinding), and safety glass; glue 
and gelatine; gypsum curing; leather; 
linoleum; lithography and printing; 
matches; medicinals and pharmaceuticals 


nylon; paper, including photographic; 
paper boxes; refrigerator cabinets; rub- 
ber: sausage casings; soap; sugar; syn- 
thetic fibers; synthetic rubbers; textiles. 


Foods— Bread and bakery products; 
candy; cereals; cheese; chewing £um, coco 
butter; offee; frozen foods; macaroni; 
malt: sausages; sugar; starch; yeast 


design conditions, which are the most 
severe conditions likely to be encoun- 
tered on the average. From the study 
of weather bureau records, books on 
air conditioning give tables from which 
suitable design conditions can be de 
termined. For a space which is to be 
conditioned both summer and winter, 
it is necessary to make separate cal 
culations for the winter heating load 
and the summer cooling load, in each 
ease choosing suitable indoor condi- 
tions which are to be maintained in the 
face of the worst probable 
conditions out of doors. 

He ating Load—Heat 
conditioned space are calculated for 
difference 
between the conditioned space and the 


(design ) 
losses for a 


the assumed temperature 


outside, determined as_ the losses 
through each wall, the floor and the 
roof, in terms of the heat transfer co- 
efficient for the various materials used 
in the construction of the space, and 
the area of each material. Books on air 
conditioning give extensive tables of 
heat transmission co-efficients for vari- 
ous sorts of building construction. To 
the transmission loss must be added 
the loss due to air leakage and the air 
taken in in controlled amount for 
ventilation. 

Offsetting the required heating load, 
of course, will be all sources of heat 
within the building, ineluding that 
from the heating equipment. Deduct- 
ing from the sum of the losses (i.e., 
the transmission plus infiltration plus 
ventilation loads) the sum of the 
gains (i.e., heat equivalent of all elec- 
tric power used in the conditioned 
space, plus incidental heat such as gas 
flames, plus an estimate of the sensible 
heat given off by the occupants of 
the space) leaves the net heat loss 
which must be made up by the heating 
equipment. Where 
people are congregated, a considerable 
part of the heating load may be sup- 
plied by the emission of “animal heat,” 
with a quantity varying from 225 to 
about 600 B.t.u. per hour per person, 
depending upon the state of activity. 


large numbers of 
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Not all the applications are for com- 


the hope that it may prove suggestive 


Precision Products—Cylinder blocks: en- 


gravings; multi-color printing; optical 
nstruments; precision machine work; 
watches; telescope lenses 

Testing and Research—Anima! exper!- 


ment rooms; medical and research labora- 
tories; cellulose research including sheet- 
ng and rayon; paint; paper; textiles. 


Storage—Books and documents; explo- 
sives; films; food; furs; grain; matches; 
paper; precision tools and instruments; 
sugay 


Control of Chemical and Biological Reac- 
tions, Health and Efficiency 

Rayon, blast furnaces, explosives, lino- 
leum, plastics, synthetic yarns. Breweries, 
cheese, meat packing, milk products, phar- 
maceuticals, ripening fruits, yeast Effi- 
ciency control, deep mines, and other hot 
workings 


Actually, however, for conservative 
rating of the required heating equip- 
ment, credit is usually not taken for 
auxiliary heat sources such as those 
mentioned above. 

Cooling Load—Determination of the 
summer cooling load is similar to the 
calculation of heating load except that 
several additional factors are encoun- 
tered. Auxiliary heat sources such as 
heat given off by people become more 
important in 
(since they increase the size of cooling 
equipment required, whereas they re- 
duce the size of heating load but not 
the size of the 
Also solar radiation is taken into con- 
sideration. The normal 
gain alone will give a result much too 
low. Solar heat gain is difficult to 
determine accurately owing to its peri- 
odic character and to the fact that 
various transmitting elements of the 
structure lie at different angles to the 
radiation (while these angles change 
with the motion of the sun). Further- 
more, various finishes reflect a greater 
or lesser part of the radiation which 
Tables 


in the literature give tlhe actual in- 


cooling calculations 


heating equipment). 


transmission 


hence cannot be transmitted. 


tensity of solar radiation falling in an 
hour on a square foot of surface of 
various orientations at various times 
of the day and at various latitudes. 
A percentage of the total radiation is 
calculated by applying a factor de- 
pending on the normal transmission 
coefficient of the surface, modified by 
another factor depending on the re- 
flecting character of the surface. These 
tables also give the actual transmission 
through glass of various orientations. 
There may be considerable lag in solar 
transmission, owing to the type and 
thickness of the wall or roof. 


Latent Heat Gains and Losses 
Vaporization of moisture into a con- 
ditioned space results in an increase in 
the latent heat of the air, or more 
accurately, in the latent heat in mois- 
ture associated with the air. Com- 


monly, winter conditioning requires 
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the vaporization of additional moisture 


to increase the humidity of the air, 
while summer conditioning requires the 
condensation of moisture to reduce its 
humidity. Although the latent heat of 
steam at the low partial pressures at 
which it is present in air is actually 
variable, nevertheless for ordinary cal 
culations, it may be stated that 1,050 
B.t.u. of heat must be supplied to the 
water from the air or by direct heat 
ing in the vaporizing of each 
of water, while a similar amount of 


pound 


heat must be withdrawn from the mois- 
ture in the air to affect the condensa- 
tion of a pound of moisture. 

The problem of humidification is 
considerably easier to solve than the 
converse question of dehumidification 
since steam, the latent heat of which 
can be supplied in any suitable man- 
ner, can be released directly into the 
air, or the air can be passed over the 
surface of heated through 
heated water sprays. 


water or 


Dehumidification, however, requires 
the separation of the moisture from 
the air by condensation either by low- 
ering the temperature of the air-vapor 
mixture enough to condense the re- 
quired amount of water; or by con- 
densation at the air temperature by 
adsorption or absorption of the mois- 
ture, 
heat gains and losses can be treated 


However, in any event, latent 


similarly in air conditioning calcula- 
tions to sensible heat changes, and in 
fact, where both types of heat change, 
caleulations are made on the basis of 
the difference of total heat before and 
after the change. 

Latent Heat 
normally at a fairly high percentage 


Losses—Winter air is 
humidity, but being cold, its absolute 
humidity (pounds of water per pound 
of dry air) is low. Hence, when hu- 
midification is practiced, normal in- 
filtration losses will result in a con- 
tinuous loss of moisture from the con 
ditioned space, in addition to 
that may take place by reason of con- 
densation on windows or other insuffi- 
ciently insulated 
passage of moisture through the walls 


ke 


surfaces; and by 


owing to the partial pressure difference 
between the conditioned interior and 
the unconditioned exterior. Indeed, 
this latter effect may result in dam- 
age due to condensation within the 
walls if the wall air spaces are not 
sufficiently well ventilated, and if the 
inner wall surfaces present too little 
resistance to moisture passage. 

Latent Heat Gains—Offsetting latent 
heat losses in winter is generally a 
relatively small part of the total heat 
load required. In summer, however, a 
considerable part of the cooling load 
may be in the form of latent heat. In 
the majority of cases the principal 
latent heat gain will be from the out- 
side air, both from infiltration and 
from ventilation. Where in winter the 
absolute humidity of outside air tends 
to be low, in the summer the reverse is 
generally true. Where in winter the re- 
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outside air is often 
Desert 


sult of 
a relative humidity of 


heating 
Sahara 
dryness, in summer the cooling of out 
side air may bring about a condition 
close to saturation unless dehumidifica 
tion is practiced in addition to cooling 
Furthermore, except when they are at 
rest, people give off more latent than 
sensible heat, the quantity increasing 


rapidly as the degree of exertion in 


creases, ranging from about 160 to more 


than 1,200 B.t.u. per hour latent heat. 
Finally, other processes such as the 
discharge of combustion flue gases 


into the conditioned space, or a chemi 


eal reaction also inerease the 


load 


may 


latent 


Air Conditioning Cycles 


articles have discussed the 
I 


roperties ot alr-moisture mixtures 


described various types of psychro 


metric chart, and shown the various 


operations and equipment that may be 
used in bringing about the heating 
dehumidi 
yases At 


briefly to 


or cooling. humidification or 


fication, of air or other this 


point it may be worthwhile 


review 


the principal cyeles that may 
he employed 
Unit and Central Nustems [wo 


general methods of air conditioning are 


used: the unit and the central 
The 


small complete air conditioners as may 


svstem 


system former employs as many 


he needed, placed strategically at vari 


ous conditioned space; 


single large air con 


points in the 
ind the latter, a 


ditioner which is piped by ducts to 


numerous points throughout the con 


ditioned space so as to give as uni 


form distribution of the conditioned air 


as possible. Some of the equipment of 


a unit 
tral 


system may, however, be cen 
For example, all of the unit con 
ditioners may be 


piped to a common 


cold water supply and a common steam 
supply 

HHeating—In air conditioning the 
heating of the conditioned space is ap 
plied either by direct radiation in the 
conditioned space, as a supplement to 
the air conditioning equipment, or by 
radiation applied to the circulating air 
in the conditioning equipment. Use of 
direct radiation alone can control only 
temperature and hence is not complete 
air conditioning. Except for small do 


mestic air conditioners, heat is nearly 


always supplied through the medium of 
steam which heats the air as it passes 


extended surface coil. 
Humidifying—In 


over an 


small air condi 


tioning systems water may be evapor 
ated into the air by passing the air 
over pans of heated water or over 
wicks suspended in water. Occasion 


ally steam is blown directly into the 


atmosphere. In larger systems having 


complete air conditioning, the air 


passing through the conditioner is 
sprayed with water in the conditioner 
used tor de 


humidifying in installations employing 


(or with the solution 


‘ hemical 


W here 


absorption in the summet 


humidification is practiced in 


dustrially without 


a complete air con- 
ditioning system, several types of unit 
humidifiers are available. Sometimes 
steam is blown directly into the atmos- 
phere but more frequently warm water 
is finely dispersed into the atmosphere 
either by sprays or by a mechanical 
device capable of producing extremely 


fine atomization. 


Cooling and Dehumidification— 
Whereas heating and dehumidification 
may be either coincident or separate 


functions, when cooling is employed it 


is usually combined with dehumidifica- 


tion, since cooling alone would result 


in increasing the relative humidity of 
the air and contributing to discom 
tort. 


are available for dehumidifying: (1) 


Two general types of processes 
refrigeration and (2) absorption with 
and 
pressure and adsorption with materials 
activated alu 
mina. With refrigeration, air is cooled 


liquids solutions of low vapor 


such as silica gel and 


below its dewpoint, causing condensa 
further with 
ing condensation 


tion, and cooled continu- 
satisfac- 


reached. At 


dewpoint, the air 


until 


some 


tory lower dewpoint is 


this lower will be 


close to saturation and must 


usually 
be reheated to a usable 
With ad 
could 


constant temperature provided that the 


temperature. 
and absorption, however, air 
theoretically be dehydrated at 
heat of ad- or 
fast 


veles, 


absorption were re 


moved as as released. Actually in 
such the cooling required for 


removal of the heat released cannot be 


applied in this way but the eventual 


effect on the air is the same when 


cooling takes place after ad- or ab 
sorption. Generally with such processes 
further cooling is practiced so that the 
final air not only has a lower dewpoint 
(humidity) but also a lower dry bulb 
temperature than the initial ait 

Methods Air 


dehumidified 


Refrigeration can be 


cooled and with natural 


cold 


chanical 


and with me 
refrigeration. If the 


humidity is 


water, with ice, 
relative 
low, air may also be 
humidified by 
evaporation of 


Natural 


available in the 


cooled and adiabatic 


water into the ai 
cold 


summertime at 


stream. water is rarely 


tem 
enough to 


peratures low accomplish 


much dehumidification, unless from 
deep wells. Where cold well water is 
to be had, no cheaper method of de 


humidification can be practiced, but 
where the air conditioning installation 
must bear the cost of drilling the well, 
dehumidification 


generally be 


other processes will 
preferable. Water from 
to 60 ft. deep in the North 
Atlantic states will be in the range of 
42 to 52 deg. F. 
maintaining dewpoints from 
within the 


range. In the 


wells 30 


and hence capable of 
17 to 57 
deg., or well summer 
fort 
however, water from such wells ranges 


62 deg. 


com 


Southern states, 


and higher and hence is of 


questionable value as a dehumidifying 
agent. 
considerable extent 


lee is used to a 


for dehumidifying and cooling railroad 
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much for other air con- 


purposes, An 


ears, but not 
ditioning installation 
using ice has the advantage of low first 
offset 
higher operating costs than for me- 
For an in- 
annual use 


cost against which must be 
refrigeration. 

low 
advantageous in 


forces the ice manufacturer to 


chanical 
stallation having a 
factor, ice 
that it 
carry the principal part of an invest 


may be 


ment which otherwise would impose an 
undue depreciation cost per hour of 
use, 

blown 
and through a spray of the melted ice 


The air to be conditioned may be 


across ice cakes in a_ bunker 


water, or the ice may be used to cool 


recirculated water for an 
spray 
Mechanical refrigeration is the prin 


ordinary 


washer. 


cipal method of cooling and dehumidi- 


fication now in use. Two general meth 
ods: cooling with coils and with cold 
water and spray washers are used. 


Absorption refrigeration is being used 
this 
exhaust 


extent tor 


here 


to a small purpose, 


principally steam is 
available. Much more common are in 
stallations employing reciprocating or 
centrifugal 


water coolers. 


compressors, or steam jet 


Some use, at present is 
also being made of certain types of ro 


compressors. 


tary 
Reciprocating compressors generally 
employ 


ide, 


methyl chloride, sulphur diox- 
one of the fluoro 
Fl2 and Fll 


with the 


ammonia or 


chloro-methanes such as 


as a refrigerant; while cen- 


trifugal methylene chlor- 


compressors, 
ide, monochlorotrifluoromethane or wa- 
ter vapor are used. Refrigeration is 
conveyed to the air or to the cold spray 
water, either 


by direct expansion of 


the refrigerant in the cooling coils, 


cold 


brine or water which is passed through 


or by a carrier liquid such as 


the air cooling coil. Exeept in small 


Carrier spray-coil dehumidifier in new 


Church & Dwight plant at Syracuse, 


built by the Austin Co. 
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unit room conditioners the refrigerant 
condenser is nearly water 
An important trend whereby 
the use of condenser cooling water is 


always 


cot »led. 


reduced to only about 5 per cent of 
required is the in- 
application of 


that otherwise 
creasing recirculated 
condenser water cooled adiabatically in 
a cooling tower or evaporative con- 
Small room units with air- 
cooled condensers frequently gain added 


denser. 


cooling effect by spraying the con 
densed water taken from the air on to 
the condenser coils. 

When refrigeration is used for de 
humidification, the air leaving the coil 
or spray washer will be close to satura 
tion perhaps 90 per cent relative hu- 
midity with a coil or 95-98 per cent 
relative humidity with a washer. 
Therefore, even though it may be mixed 
with bypassed return air, it will rarely 
be fit to use in the conditioned space 
without reheating, for otherwise too 
low a temperature would be main 
Actually, since relatively little 
heat is needed for sensible heating, this 


tained. 


apparently wasteful process is not pai 
ticularly onerous, although reheating 
can be avoided with ad- or absorption 
dehydration. 

Dehydration Methods—Use of solid 
adsorbents and liquid absorbents is 
being practiced to an increasing extent 
for dehydration of air. The term de 
hydration is generally employed for 
such processes to distinguish them from 
refrigeration dehumidification. The solid 
adsorbents, activated 
alumina, have the advantage of being 


silica gel and 


able to produce extremely low dew- 
points. The liquid absorbents, how 
ever, are more readily handled in that 
they can be pumped over the contact 
ing and regenerating equipment. 
thium and calcium chlorides and vari- 
ous mixtures of salts in water solution 
are the materials chiefly employed. 
Anhydrous soluble calcium sulphate is 
also used to some extent. 

Air Conditioning Calculations—Al 
though calculations relating to the 
properties of air and water vapor mix 
tures can be made with nothing more 
than first principles and the steam 
tables, the use of a psychrometric chart 
greatly facilitates the solution of the 
problem net only because it permits 
visualizing the required cycle, but also 
because to a considerable extent it sub- 
stitutes graphical for caleulation meth 
ods. This is particularly true of some 
of the modern charts especially de- 
signed for graphical use. One point 
should be emphasized, however, and 
that is that the chart user should, be 
lore attempting to employ the chart, 
make an effort to understand thor 
oughly how it is constructed and what 
ipproximations were used by the chart 
maker, Also, he should learn the 
ictual meaning of the various lines 
ind scales and how different 
ire traced on the chart. Otherwise he 
3 in danger of falling into the calcula- 
lion-by-rote methods which seem to be 


cycles 


(lvocated by some writers. 
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Recovery of Solvent Vapors 


By ARTHUR B. RAY, of Carbide and Carbon Chemicals Corp., New York, N. Y. 
As it is essentially a problem in separation of vapor mixtures, solvent recovery can 
be accomplished by several different methods: by condensation on cooling, by 
absorption in liquids and by adsorption with activated carbon. 


MERICAN INDUSTRIES use tremendous 
low-boiling 
generally spoken of as “solv- 


quantities of organic 
liquids 
ents”—in carrying out various manu- 
facturing operations. In many cases, 
these solvents act merely as dissolving 
or carrying media for materials such 
as nitro-cellulose, cellulose acetate, syn 
thetic resins, plastics, and rubber prod 
ucts, and are vaporized into the air 
during the manufacturing process. In 
some cases solvents are used to extract 
oils from materials such as soya bean 
Efficient recovery makes it pos- 
sible to eliminate solvent cost as a 


meal, 


first consideration and makes it un 
necessary to use a cheap solvent if a 
higher priced solvent will improve the 
quality of the manufactured product. 
Since in most cases the solvents are 
vaporized in manufacturing operations 
exposed to air, the recovery must be 
made from vapor-air mixtures. And 
since most of the commonly used 
flammable 
mixed with the proper 


solvents are when their 
vapors are 
amount of air, vapor concentration is 
particularly important from the safety 
standpoint. Data regarding reported 
limits of flammability of the common 
solvent vapors in air are given in 
Chem. & Met., Jan. 1940, p. 31, Factory 
Mutual Data Sheet No. 36.10, Jan. 
1940, and U. S. Bureau of Mines Bul 
letin No, 279. 

If the concentration of a vapor in 
air is kept below the lower limit of 
flammability the mixture cannot be 
ignited or exploded under normal con- 
ditions of temperature and pressure 
and the recovery of vapors under these 
Like- 


wise, if the concentration of vapor is 


conditions presents no hazards. 


kept above the upper limit of flamma- 
bility the mixture is not flammable or 
explosive, but in working with these 
concentrated mixtures there is always 
the possibility that the concentration 
may get into the explosive range by 
leaking into the 
system or by failure to vaporize solvent 
at the required rate to maintain the 


dilution with air 


high concentration, It is generally con- 
sidered that manufacturing operations 
and recovery processes which require 
vapor concentrations in air above the 
upper limit of flammability are haz- 
ardous and are to be avoided if pos- 
sible. Where high solvent vapor con- 
centrations are necessary to carry out 
a process, it is advisable to employ 
an inert atmosphere or a non-flammable 
solvent to avoid hazards. 

From the above discussion, it is 
evident that in evaluating any method 
of solvent recovery one must first con- 
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sider if its characteristics will permit 
Other important cri 
teria by which a recovery process must 


sa fe operat ion. 


be evaluated are: recovery efficiency, 
recovery expense, flexibility to meet 
varied operating conditions, and re 
lation between initial cost and savings. 
Since it is impossible in this brief 
article to discuss all the possible re 
covery methods or, in fact, any one 
method in detail we shall limit our 
discussion to recovery by condensa 
tion, absorption with liquid media, and 
adsorption with activated carbon. 
Recovery hy Condensation Solvent 
vapors can be recovered by condensa 
tion when the vapor-gas mixture is 
cooled below the dewpoint. The solvents 
are usually vaporized at an elevated 
temperature and the vapor-air mixture 
is cooled by bringing it in indirect or 
direct contact with cooling media such 
as water or refrigerated’ solutions. 
When the cooling medium is water, 
the temperature cannot ordinarily be 
reduced below 60 deg. F. The vapor 
pressure of practically all common 
solvents at this temperature is such 
that the minimum concentration of 
vapors is either in or above the ex 
plosive range. This means, of course, 
that such a condensation process of 
handle 
vapor concentrations which are haz 
If air is replaced by an inert 
atmosphere to avoid the hazard, the 


recovery must unavoidably 


ardous. 


condensation process still has objec 
tions. Since the concentration cannot 
be reduced below a rather high value, 
the material being processed cannot be 
completely freed of the solvent, and 
the vapor-laden air must be recircu 
lated to avoid large loss of solvent. 
Because of unavoidable solvent losses, 
such a system does not ordinarily re 
cover more than 60 to 70 per cent of 
the solvent vaporized and usually the 
Water vapor 
present may also be condensed and, 


recovery is much less. 


if water soluble solvents are recovered 
by such a condensation method, the 
condensate must be distilled. It is evi 
dent that the recovery of solvents by 
condensation at temperatures 
can be reached with ordinary cooling 


which 


water has definite disadvantages. Pos 
sible favorable factors of the system 
are low operating expense and rela 
tively low equipment cost. Because of 
the disadvantages of such a system, it 
is not widely used, having been largely 
replaced by the activated carbon sys- 
tem. There are, however, a few con- 
densation systems of the type described 
in operation where it is advantageous 
to keep the processed material in a 
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high concentration of the vapor of 
the solvent. 

A type of condensation recovery sys 
tem which cools the vapor-laden air 
to very low temperatures by means 
of mechanical refrigeration has been 
employed and at least one such sys 
tem is still in operation in the United 
States for the recovery of acetone. 
In one such system, which has been 
Columbia* 


air at 95 deg. F. con 


replaced by a activated 
carbon system 
taining approximately two per cent 
10 deg F. to 


condensation and re 


acetone was cooled to 
effect partial 
covery of the acetone The cooled air 
contained approximately 0.65 per cent 
acetone vapor and although the sys 
tem was designed to recirculate all 
of this air there was unavoidable leak 
age, Advantages of the activated car 
bon system over this condensation Sys 
tem which it replaced are reported as: 
“Lower original cost, greater overall 
efficiency, lower recovery expense per 
unit of recovered solvent, somewhat 
less building space required and indi- 
cated low maintenance cost.” It should 
be added that the activated carbon 
system has a larger factor of safety 
because it treats air containing a con 
centration of acetone well below the 
explosive range. It may also be pointed 
out that the activated carbon plant 
is much more flexible because it will 
which cam not be 
effectively recovered by the condensa- 


recover solvents 
tion system, and it will operate effi 
ciently intermittently and under widely 
varying conditions of temperature, hu 
midity and vapor concentration 
Solvents used to extract oil from 
soya bean meal and such materials are 
generally vaporized from the material 
by reducing the pressure and heating 
The small 


amount of solvent carried out of the 


to a moderate temperature 


systems in the saturated air discharged 
from the vacuum pumps is generally 
recovered by means of activated carbon 
but the bulk of the solvent vaporized 
from the meal is recovered as is logical 
by merely condensing it in suitable 
equipment cooled by water at normal 
temperatures 

All the available information indi 
cates that the condensation system of 


solvent recovery from air has many 
disadvantages and is fast disappearing 
since the development of bette: re 


covery systems 


Recovery by Absorption in Liquids 
lo recover solvent vapors by absorp 
tion in liquids it is necessary to pass 
the vapor-laden air in efficient contact 
with the absorbent 


under conditions 


which will permit the liquid, at a 
suitable temperature, to extract the 


vapor from the air more or less com 


pletely Contact may be effected by 
the use of spray ¢ hambers or scrubbing 
towers When water soluble solvents 
ul he egistered trade 
mark act art marketed by 
Carbide and Cart Chemicals Corp. Act 
va 1 bed here all 
employ i 
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Typical large automatic “Columbia” activated carbon vapor recovery system 


are to be recovered by absorption, wa- 
ter is the usual absorbent, and when 
the absorption method is used to re- 
cover oil-soluble solvents, a mineral 
oil is the usual absorbent. Both of 
these absorbents hold solvent vapors 
in accordance with Henry’s Law which 
states that a volatile substance dis- 
solved in a liquid exerts a vapor pres 
sure proportional to the amount of 
the substance present. This means, of 
course, that the amount of solvent 
vapor which the absorbent liquid will 
hold and the practical recovery effi 
ciency of such an absorbent are de 
pendent upon the concentration of 
vapor in the air passed to it. It also 
means that it is impractical to remove 
all of the vapor from the air by such 
absorbents. Some special liquid ab 
sorbents have been suggested and used 
which form readily decomposable com 
pounds with certain solvents or by 
other means hold solvents in larger 
amounts than do water or mineral oil. 
Such special absorbents will not be 
discussed here because, to the best of 
the writer’s knowledge, they are no 
longer used to any extent in the United 
States 

The method of recovering solvent 
vapors from air by absorption in a 
mineral oil having a high vapor pres 
sure is of limited applicability and 
use. In general, it may be said that 
when the concentration of the vapor 
to be recovered is low enough to be 
safe. recovery by oil absorption is rela 
tively inefficient and expensive. The 
oil absorption method is, of course, 
widely used to recover gasoline from 
natural gas and light oils from manu- 
favorable high 


factured gas under 


pressure conditions and where the 
presence of impurities in the gas makes 
other methods impractical. 

Before the development of the mod 
ern activated carbon system of solvent 


recovery, Water absorption was the 
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method most favored for the recovery 


of such water soluble 
solvents as acetone and ethanol. When 


water, very 


widely used 


acetone is recovered by 
cold well water or water cooled by re- 
frigeration is generally used. Since 
the efficiency of recovery and concen- 
tration of acetone in the water leaving 
the serubber are both effected by the 
vapor concentration and the tempera- 
ture of the water, the vapor concen 
tration is kept as high as possible and 
the temperature of the water as low 
as is practicable. For safety reasons, 
the vapor concentration is usually 
kept below. the explosive range, but be- 
cause the efficiency and expense of re- 
covery are both favored by high vapor 
concentration, the possible factor of 
safety for absorption systems (as they 
are usually operated) is less than for 
the activated carbon system. 

While the type of serubber and re 
covery conditions may vary, it will be 
of interest to give available data re 
garding one large modern absorption 
plant. In this plant the vapor-laden 
air is passed to a multistage spray- 
washer type of scrubber in which the 
solvent-air mixture is passed through 
successive chambers into which water 
is sprayed, this water being pumped 
from one chamber to the next counte! 
current to the flow of air. Concentra 
tion of acetone vapor in the inlet air 
may be as high as 1.75 per cent but 
occasionally is considerably lower. The 
air leaving the scrubber always con 
tains some acetone vapor and under 
favorable conditions the concentration 
may be as low as 0.06 per cent. The 
plant is designed to recirculate the 
efluent air from the scrubber back to 
the process, but some leakage is un 
avoidable with consequent loss of ace 
tone. The water entering the first 
scrubber is at a temperature of ap 
proximately 34 deg. F., and approxi 
mately 300 tons of refrigeration aré 
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required per ton of recovered solvent. 
The water-acetone solution leaving the 
scrubber contains approximately 2.6 
per cent acetone by weight necessitat- 
ing unusually large rectification equip- 
ment. It is reported that the over- 
all recovery varies with the inlet vapor 
concentration and other conditions but 
may range between 92 and 95 per cent. 

Since an activated carbon system is 
operated under the same conditions as 
the water absorption system just de- 
scribed, except that the vapor concen- 
tration with the carbon system is 
lower, it is of interest to compare the 
two. The carbon system requires no 
refrigeration and effects substantially 
complete recovery of the acetone from 
the air even though the vapor con- 
centration, temperature and humidity 
of the inlet air vary considerably. 
The acetone-water solution steamed out 
of the carbon contains 20 to 33 per 
cent acetone by weight. The overall 
recovery by the carbon system is_re- 
ported to be 98.5 to over 99 per cent. 
Reported comparative data regarding 
utility requirements of the two systems 
are given in the accompanying table. 


Per 1,000 Lh. of Recovered 
Acetone 
Water Activated 
Absorption Carbon 
Steam at 415 
Ib per sq 
in. and 159 
deg. F. sup- 
erheat .. 5,520 Ib None 


sq 

Water at 55 

deg. F.. 17.445 gal 8.750 cal 


Electric power 251 Kw.-hr 82 Kw.-hr. 


Because of the demonstrated ad 
vantages of the activated carbon sys 
tem it has superseded the water ab 
sorption system in a number of large 
plants where the old system has been 
used for many years. It is probable, 
however, that in some cases the water 
scrubbing system may be continued in 
use where operating conditions particu- 
larly favor it. 

Recovery by Activated Carbon—The 
most generally used method of re 
covering all types of solvents at the 
present time is bv adsorption with 
activated carbon. This solid adsorbent, 
when of the proper type, is especially 
made for efficient and low cost re 
covery of solvent vapors under widely 
varying conditions. The carbon ad- 
sorbs substantially all the vapor from 
the air regardless of variation in con- 
centration, temperature and humidity 
conditions, Because the adsorbed sol- 
vent has practically no vapor pressure 
at normal temperatures, the carbon 
system is particularly adapted for the 
efficient recovery of solvents present in 
iir in low concentration. This means 
that earbon recovery systems can al- 
ways be designed for operation without 
iazard because the vapor concentra- 
tions are always below the flammable 
range. The type of activated carbon 
venerally used in the United States has 
' high specifie adsorptive power for 
rganic vapors and therefore recovers 


such vapors efficiently when water is 
present in the air or in the carbon, 
Since activated carbon adsorbs all the 
usual low boiling solvent vapors, it 
can be used to recover practically any 
single solvent or any combination of 
low-boiling solvents vaporized in manu- 
facturing operations. 

In order that the adsorptive proper- 
ties of activated carbon may be utilized 
to effect recovery of solvent vapors, 
special equipment and operating pro- 
cedures have been developed. An under- 
standing of the adsorption recovery 
process may be obtained by an inspec- 
tion of the flow chart shown in Fig. 1 
which shows how one type of activated 
carbon system operates. The filtered 
and cooled vapor-laden air is drawn 
under automatically controlled condi- 
tions from the solvent-vaporizing op- 
eration and is passed to the bed of 
activated carbon in one of the ad- 
sorbers. The activated carbon adsorbs 
and holds the solvent vapor and de- 
nuded air is discharged to the at- 
mosphere. The passage of vapor-laden 
air is continued until the activated 
carbon bed has adsorbed the desired 
quantity of solvent. If the vapor is 
passed to the carbon bed at a constant 
rate, the desired charge is obtained by 
keeping the adsorber in service for a 
definite period. If, however, as is most 
often the case, the vapor is passed to 
the adsorber at a widely varying rate, 
an especially sensitive vapor detector 
in the air exhausted from a _ portion 
of the carbon bed indicates when the 
bed is charged to the proper limit. 
When the carbon bed in one adsorber 
is charged with vapor, the vapor-laden 
air stream is either manually or auto 
matically switched to the other ad- 
sorber. The adsorbed solvent is then 
driven out of the charged adsorber by 
introducing low-pressure steam at a 
controlled rate below the carbon bed. 
The steaming is continued for about 15 
to 60 minutes and then the adsorber is 
ready to be placed in service again. 
The steam passing through the charged 
carbon causes the release of the ad 
sorbed solvent vapor and the steam- 
solvent vapor mixture discharged from 
the adsorber is condensed. If the sol- 


Fig. 1—Flow diagram showing operation 
of an activated carbon adsorption system 


So/vent free 
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vent is not appreciably soluble in water 
it is separated from the water by an 
automatic continuous decanter. If the 
solvent is completely soluble in water 
it is separated by distillation. 

While many recovery plants are of 
the type just described, other activated 
carbon plants for the most efficient re- 
covery of valuable solvents are oper- 
ated so as to include a period after 
the steaming operation in which the 
carbon is partially dried and cooled. 
Various modified operating procedures 
may be employed to obtain most effi- 
cient recovery under special conditions. 
Some plants which are not required to 
operate continuously contain only one 
adsorber which is charged during sev- 
eral hours operation and is then 
steamed and cooled and returned to 
service when required. Many large 
plants contain a number of adsorbers 
which are operated in parallel to give 
the desired air handling and solvent 
recovery capacity. The type and amount 
of solvent, the volume of vapor-laden 
air and other conditions determine the 
number of adsorbers and the operating 
procedure which is needed. 

While the activated carbon method 
of solvent recovery is used in practi- 
eally all solvent-using industries some 
of the largest activated carbon plants 
are in industries which manufacture 
rayon, transparent wrapping and lac- 
quer-coated or impregnated fabrics. A 
view of a typical large plant is shown 
by the opposite page. This plant is 
now being expanded by the addition 
of four more adsorbers. 

Recovery of solvents by adsorption 
is accomplished at low cost as the fol- 
lowing information regarding recovery 
by -an activated carbon system shows. 
The steam requirement ranges from 
less than 3 lb. to about 5 lb. per pound 
of solvent recovered. The high steam 
consumption is required when the re- 
covered solvent must be redistilled to 
make it suitable for reuse. The con- 
sumption of electric power varies with 
the concentration of the vapor in the 
air. In typical recovery plants where 
the concentration of the solvent vapor 
is 40 to 50 per cent of the concentration 
at the lower limit of the explosive 
range, the power consumption is ap- 
proximately 0.04 to 0.08 kw.-hr. per 
pound of solvent recovered. For re- 
covery of a solvent such as benzol, the 
requirement of water at a maximum 
temperature of 70 deg. F. is approxi- 
mately 7 gal. per pound of solvent 
recovered. For the recovery and redis- 
tillation of a solvent such as acetone, 
the requirement of water at 70 deg. F. 
is approximately 9} gal. per pound of 
solvent. The operation of the recovery 
plant is simple and even when the op- 
erations are manually performed one 
operator is all that is required for 
even a large recovery plant. Where the 
operation of the recovery plant is auto- 
matic no regular operator is required, 
and it is only necessary to check over 
the equipment periodically and set the 
instruments, The cost of maintaining 


331 


i 
i ae | 
| 
| 
} 
< 
| 
2 
“LA 
= blower sofvent | 
4 


the plant in first-class operating condi 
tion is low because of the use of rugged 
items of equipment and the use of spe- 
cial corrosion-resistant alloys where 
necessary. Annual maintenance cost 
rarely exceeds five per cent of the cost 
of equipment. While the recovery ex 
pense will vary with the cost of utili 
ties and the recovery conditions in gen 
eral, experience has shown that this 
figure may in some cases be less than 
0.2c. per lb., and practically never ex 
ceeds le. per lb. recovered solvents. 

Some of the outstanding advantages 
of activated carbon which are causing 
such adsorption systems to replace 
other methods are: (1) recovers sol 
vent vapors in concentrations safely 
below the flammable range; (2) re 
covers all types of volatile solvents; 
(3) recovery expense low; (4) recovers 
solvents efficiently in presence of wate 
vapor; (5) recovers solvent vapors 
with high over-all efficiency; (6) re 
covery plant may be completely auto 
matic in operation, and (7) recovery 
plant investment is moderate. 


Drying Psychrometry 


By EDITORIAL STAFF. In process indus- 
tries more and more drying problems 
are becoming problems of conditioning 
air or a gas to obtain efficient vaporiza- 
tion. Because heat is an expensive item 
among process costs, engineers are pay- 
ing greater attention to heat economy. 


RYING, as used by the chemical en 
D gineer, is a term for the process 
of removing water (or other liquid) 
from a solid (or nearly solid) material 
by vaporization. In every case the 
moisture is removed in one of two 
ways—by sweeping it out with air o 
by “pulling” it out with a vacuum 

Here, we shall confine ourselves to 
drying with air (or other gas), for 
that is the field in which psychrometry 
is involved 

In a good many cases conditioned 
air is not emphasized as the medium 
for moisture removal. For instance, a 
drum dryer is not ordinarily consid 
ered as an air dryer, yet the moisture 
diffuses into the air and if an at 
mosphere of saturated air were main 
tained adjacent to the surface of the 
material, no drying would take place. 
The humidity of the air is not always 
considered in a rotary dryer, yet it 
has an important effect on the perform 
ance of the 

On the other hand, there are many 
kinds of dryers and many drying jobs 
where the temperature, humidity and 
volume of air are all controlled very 
carefully. In these cases a number of 
factors are to be considered from two 
standpoints—the material to be dried 
and the air itself 

How much moisture is to be re 
moved’? This can be ascertained from 
the desired final condition of the ma 
terial. It has an important bearing on 


the rate of drying. Above a certain 
critical moisture content, the rate is 
constant. During this so-called constant- 
rate period surface water is evaporated 
together with moisture which rises to 
the surface as fast as evaporation takes 
place. Below the critical moisture con 
tent, the rate of drying falls off due 
to the fact that the resistance to dif- 
fusion of water through the material 
prevents its rising to the surface fast 
enough. Thus the desired final moisture 
content determines how much drying 
can be done at each rate. 

Maximum and minimum tempera 
tures may be fixed by the character 
istics of the material. Decomposition 
or other chemical reactions must be 
avoided. Likewise the physical form 
of the product may be affected by tem 
perature 

Both sensible and latent heat must 
be supplied to the material. Require 
ments may be calculated easily enough 
from the initial and final temperatures, 
the specific heat, the amount of mois 
ture to be removed and the weight of 
material. This heat may be supplied 
either by the air or by direct heat or 
by both 

From the standpoint of the air, the 
amount of moisture removal deter 
mines the humidity change that must 
take place. The above mentioned con 
siderations limit the temperatures that 
may be used. A third variable. the 
quantity of air cireulated, is likewise 
fixed by the moisture removal and heat 
requirements. 

The big problem usually is to effect 
a balance between temperature and 
humidity. This is made easier by the 
concept of drying potential. Drying po 
tential is merely the difference between 
the partial pressure of vapor in the 
air and the vapor pressure of the liquid 
in the material. The only true meas 
ure of the drying effect of air is its 
change in vapor pressure. This quan- 
tity is the driving force which pro 
duces drying. It may be compared to 
voltage in an electrical system. Some 
experts would discard the arbitrary 
term relative humidity and substitute 
drying potential. Thus the psychrome 
trie chart would have lines of constant 
vapor pressure difference. This system 
is used by some European investiga- 
tors (see Hirsch’s “Die Trockenteck- 
nik”). The interesting thing about dry- 
ing potential is that a given vapor 
pressure difference will produce a given 
drying effect whether the air is at 
30 deg. or 300 deg. 

For a given drying problem air of 
low humidity is not always the most 
desirable. Sometimes the required dry- 
ing potential will be taken in a condi- 
tion of high humidity purposely. For 
example, in the drying of ceramic ware, 
if the surface is dried much faster 
than the moisture diffuses to the sur- 
face, the surface will shrink, causing 
checking and cracking. Air of higher 
humidity prevents this. 

Recycling and reheating of air re 
sults in increased efficiency over the 
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60 
Air-Water Vapor Chart 


Based on 2392 barometer 


Dry Bulb Temperoture, Deg F 


Reheating cycle for air used in removing 
moisture from a solid material. Air en- 
tering the dryer is of composition repre- 
sented by point A and exit air is at B 


single-pass drying process. Instead of 
being used once and discarded, the air 
is reheated, allowed to take up mois 
ture, again reheated, etc. On the ae 
companying chart the incoming air is 
at 70 deg. and 20 per cent humidity 
(point A). After four eyeles in which 
heating is carried only to 95 deg. F 
the air is discharged at 79 deg. F. and 
85 per cent humidity (point B). It 
the same amount of drying is to be 
done by the same amount of air in a 
single pass, the air would have to be 
heated to 145 deg. F. 

In some cases it is desirable to 
carry this idea further—to dehydrate 
the air and recireulate again. Various 
kinds 
scribed elsewhere in this section) may 


f dehydration methods (as de 


be used for this purpose. Recently there 
has been discussion of the possibility 
of reconcentrating the absorbent used 
in this process (such as lithium chlo- 
ride) by multiple-effect evaporation. 
For large installations, some designers 
claim, this process can be made eco 
nomical. 

Though much research has been done 
in this field, there are still many 
phases of drying that are not thor 
oughly understood. Even parts of the 
fundamental theoty expressed above 
are disputed by some _ investigators, 
though accepted by most chemical en 
gineers. As more research is carried 
out, it is probable that many empirical 
methods of today may be replaced by 
more scientific and more economical 
methods of tomorrow. 


A limited number of reprints of this 
52-page Chem. & Met. Report are 
available at 50 cents each. Address 
the Editorial Department, Chemical 
& Metallurgical Engineering. 330 
West 42d St., New York, N. Y. 
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Exterior and interior views of a German plant where sulphuric acid is made from calcium sulphate, clay and coke coal 


UPPLYING RAW MATERIALS for 

Germany’s. annual production 

of 2,800,000 metric tons of sul- 
phuric acid has become a problem 
since the outbreak of the war. Iron 
pyrite, basic raw material for proc- 
esses used heretofore, has accounted 
for three-quarters of the Reich’s 
needs, while the remainder has come 
from zinc and copper ores and 
a fraetion has been obtained as sul- 
phur from coal. Since Germany pro- 
duees only a small amount of iron 
pyrite (in the Meggen, Waldsassen, 
and Helmstedt districts), two-thirds 
of her pyrite requirements have had 
to be imported, chiefly from Spain, 
Norway, Cyprus and Italy. 

Faced with the possibility of being 
eut off from these sources of supply, 
I. G. Farbenindustrie has now under- 
taken large-scale production of sul- 
phurie acid based exelusively on 
domestic raw materials. The process 
used is claimed to be an improvement 
over that of the World War when 
Germany was eut off from pyrite 
supplies. 

The rather crude World War proe- 
esses, which were later abandoned be- 
cause of high costs, were based on 
ealeium sulphate. This was converted 
with synthetic ammonia and indus- 
trial gases to lime and ammonium 
sulphate, thereby saving sulphuric 
acid then used to produce ammonium 
sulphate fertilizers. Residual caleium 
sulphide from the Leblane soda 
process was also used as a raw mate- 
rial for sulphurie acid manufacture. 
Mixed with a magnesium chromate 
solution, the sulphur was expelled as 
H.S from rotary kilns, mixed with air 
and reduced to sulphur in Claus ovens 
(bauxite used as contact mass) or to 
sulphurie acid (Rhenania process). 

The present Miiller-Kiihne process, 
named after its inventors, was devel- 
oped in the I. G. Bayer, Leverkusen, 
plant which continued production 
from the World War until 1931 on an 
experimental basis. In 1937 and 1938 
a large plant was erected in Wolfen 
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Ersatz Raw Materials 
For German H.SO. 
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Chem. & Met. INTERPRETATION 


In line with their country’s policy of self-sufficiency, German chemi- 
cal engineers have improved the process used during the World 


War for the production of sulphuric acid from anhydrite. 


While it 


is an interesting method, as with many of such substitutes, its use- 
fulness is limited to countries wherein ideologies or war or both 
dictate that domestic raw materials be used. Only under such con- 
ditions is it possible to make use of less efficient and more expensive 


methods and materials.— Editors. 


and after one year of regular opera- 
tion it is claimed that the improved 
process is technically, and under pres- 
ent circumstances, economically feasi- 
ble. If widely used, this will give 
the Reich an alternative. sulphuric 
acid producing method to supple- 
ment, if not to supplant, present 
processes which depend upon im- 
ported sulphide ores. 

The I. G. process now being used in 
the Wolfen plant which has a yearly 
capacity of 80,000 tons sulphurie acid 
(65,000 tons SO,) and 75,000 tons 
cement, proceeds, as did the World 
War process, from calcium sulphate 
available in unlimited quantities in 
Central Germany. 

Clay (or clay slate) is another 
abundantly available material needed 
in the process. It is pre-dried to 
remove moisture and is then mixed 
and ground with the anhydrite and 
coke into a raw meal whose composi- 
tion is stich as to permit complete 
reduction of the CaSO, to SOs, as 
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well as to contain the correct mixture 
for a good quality cement. This 
charge is then roasted in a rotary kiln 
(the Wolfen plant has two ovens, 
each 70 meters long) heated with a 
coal dust flame. The SO, is driven 
out and the hydraulic clinker is heated 
to a temperature of 1,400 deg. C. 
After being stored for a month, the 
clinker is mixed with a two per cent 
addition of gypsum and is ground up 
in a rotary ball mill. It is then stored 
in silos from which it is filled directly 
into sacks. The two per cent gypsum 
supplement helps to control the bind- 
ing time of the cement which is mar- 
keted as a standard brand of Port- 
land cement. 

The H.S gas driven off from the 
kilns is freed of foreign particles in 
huge dust chambers and is cooled and 
washed in scrubbing towers. Air is 
then added to provide necessary 
oxygen to form SO,. From this point 
on, the usual SO, contact process with 
vanadium as a contact mass is used. 
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Steam jacketed vessels in which, under uniform temperature, 
phenol-formaldehyde resins are produced 


Left—Raw materials for the urea-formaldehyde are pretreated 
and cooked in a series of glass-lined, steam jacketed kettlcs 


Below—Cooking kettles for making bases for alkyd, modified 


phenolics and non-phenolics 
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Synthetic Resins for 3 
Surface Coatings | 


JAMES A. LEE Managing Editor, Chemical and Metallurgical Engineering 


HE SPECTACULAR SPREAD of syn- 
netic resins in the form of 

molded or east objects has at- 
tracted attention all over the world. 
However, relatively little is known by 
“the man in the street” about the use 
of these remarkable materials in 
liquid form, since they cannot be so 
easily seen in paints, enamels, tex- 
tiles, printing inks, paper, lumber, 
rubber and a host of many other 
products. The applications of syn- 
thetic resins in soluble form are in- 
creasing at an amazing pace as is 
exemplified by the growth of Reich- 
hold Chemicals, Ine., of Detroit, 
Mich., one of the largest producers 
specializing in the soluble types. 

In 1925, Henry Reichhold, only a 
few years removed from the college 
campus, realized the possibilities of- 
fered by synthetic resins. He se- 
eured a few kettles and started in 
business in the heart of the auto- 
mobile industry. At the present time 
his organization has plants not only 
at headquarters in Detroit, but also 
at Elizabeth, N. J., Brooklyn, N. Y., 
Liverpool, Paris, Sydney and a plant 
is in process at Buenos Aires. This 
rapid expansion illustrates the in- 
numerable achievements of these new 
resins and bears testimony to the ag- 
gressiveness of the chemists and engi- 
neers whose skill in practiecably ap- 
plying the properties of synthetic 
resins have developed their produe- 
tion and distribution into a great in- 
dustry. 

An impressive list of resins for 
surface coatings are manufactured in 
the several plants of the Reichhold 
company. Among the most important 
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One of the most remarkable accomplishments in the field of chem- 
istry during the past few years is the growth of the new synthetic 


resins industry. The spectacular expansion is due in no small 
part to the important role these materials are playing in the formu- 
lation of superior paints, varnishes, lacquers, inks, textiles and many : 
other kinds of surface coatings. One of the largest producers of the x 
resins for surface coatings is Reichhold Chemicals, Inc., The Detroit : 
plant of that company is just as up-to-date as the products being 


made are modern.— Editors 


are: pure phenol-formaldehyde res- 
ins, modified phenolics, non-phenolics 
(maleic acid resins), alkyd resins, urea 
resins, ester gum, and processed co- 
pals; also catalyzed vegetable oils, 
and, in addition, such raw materials 
as phthalic anhydride and glycerine. 

The Detroit plant is located on the 
Grand Trunk railroad system which 
assures adequate shipping facilities 
and just off famous Woodward Ave- 
nue at a point about ten miles from 
the heart of the city. 

Each department or group of prod- 
ucts is housed in an individual brick 
and steel fire-proof building in order 
to reduce the fire hazards to a mini- 
mum. They are well ventilated and 
lighted. An unusual feature is the 
use of a voice amplifying system in- 
stead of the customary automatic 
signaling system. It has proved to 
be very satisfactory in this plant. 

The liquid raw materials are stored 
in large steel tanks in the plant yard. 
Phenol, rosin, fossil gums and filter- 
ing medium are kept under cover un- 


In the preparation of modified phenolic resins raw ma- 
terials are not pretreated but are pumped directly to 18-8 


stainless steel vessels. These kettle are heated by oil 


til required. The fluids are conveyed ; 
to the pretreatment and processing ee 
kettles by remote controlled pumps, Px 
while the solids are lifted to the 
charging floors by portable elevators. 

For the most part the processing +s 
equipment throughout the plant is 
constructed of plain iron and steel. 

However, in certain cases such spe- 
cial construction materials as stain- 
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less steels are used to prevent dis- 
coloration of product and corrosion. 
The pretreatment tanks in which the 
materials are blended or aged in the 
production of pure phenolic resins 
are steam jacketed and equipped with 
agitators on a vertical shaft rotated 
from above. The cooking kettles in 
this department are oil-fired alumi- 


num vessels. Here, as in all cases 
where resins are being processed, an 
atmosphere of carbon dioxide is kept 
above the surface of the solution 
during cooking in order to prevent 
darkening of the compound, 


In the preparation of modified 
phenolic resins the raw materials are 
not pretreated, but are pumped di- 
rectly to the 18 chromium-8 nickel 
stainless steel vessels. These kettles 
are heated by oil burners. 

The alkyd resins too are processed 
in stainless steel kettles, with agita- 
tors on a vertical shaft and heated 
by oil burners. These resins are put 
into solution in plain steel mixing 
tanks. The resin is added to the 
kettle containing the mineral spirits, 
toluol, xylol, naphtha or other solvent 
or combination of solvents and the 
mixing action is accomplished by top 
or side entrance agitator. 

Urea resins are processed in glass- 
lined vessels, steam jacketed and agi- 
tated from a vertical shaft. A sim- 
ilar type of kettle is also used for the 
aging and pretreating. 

The pure phenolic resins, after a 
certain point in the cooking opera- 
tion has been reached, are quickly 
cooled in order to prevent further 
reaction by draining from the kettle 
into shallow steel pans or trays to 
a depth of not greater than one inch. 
After it is cool the resin is broken 
into small pieces and loaded into 
drums for shipment to varnish, 
enamel and other manufacturers who 
use it in formulation of their prod- 
ucts. 

At the end of the cooling the modi- 


Alkyd resins are thinned with one or a 
combination of solvents, then filtered 
and put into drums for shipment, On 
the left are views in the phthalic 
anhydride-glycerine department. In ad- 
dition to these raw materials Reichhold 
also produces some other materials, 
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fied phenolic resins are handled dif- 
ferently from the pure phenolics. The 
molten resin flows into a gigantic 
cooling tray, 20 in. deep, in batches 
varying from seven to eight tons each 
and, after cooling and hardening, 
which requires from 24 to 36 hours 
per batch, it is broken with heavy 
sledge hammers and shoveled through 
loading chutes into barrels traveling 
on a roller conveying system to stor- 
age or railroad cars. The bottom of 
the large tray is slightly more than 
the height of a barrel from the floor. 
This height permits easy filling of the 
barrels. The conveyor delivers the 
barrels to an electric vibrator which 
shakes the resin down tightly. When 
this is done the barrels are weighed. 

In the same building and from even 
larger kettles certain grades of the 
modified phenolies while in a molten 
state, are run directly into steel ship- 
ping containers which are filled and 
weighed at one and the same time. 
Then the drums travel by roller con- 
veyor to a cooling platform where, 
when sufficiently cool, they are 
sprayed with a coating of aluminum 
paint. 

After the alkyd and urea resins 
have been thinned by the solvents 
they are passed through paper and 
duck in a plate and frame filter 
press to remove the clarifying agent 
and impurities. The solutions are 
then run directly into steel drums on 
seales with automatic shut-offs, guar- 
anteeing uniform weight. Drum heads 
are stenciled and the containers con- 
veyed to the final painting operation 
where they are completed for ship- 
ment. 

The ester gum-copal department, 
like all others in this plant, is housed 
in modern buildings and is equipped 
with improved production facilities. 
The rosins for esterification are re- 
ceived in tank cars in the warm 
months of the year from which they 
ean be easily removed by melting, 
and in the winter the rosin reaches 
the plant in steel drums. In either 
ease the gum is first heated in a gas- 
fired Monel preheating tank which 
has a capacity of 13,000 lb. The 
tank is under a hood which removes 
all fumes. 

In the premelting tank the gum is 
held at a specific temperature for a 
definite length of time. The molten 
gum is then pumped through a series 
of sieves and strainers into an esteri- 
fying still. This vessel is construeted 
of Monel metal and is electrically 
heated. The heat is kept constant 
and the temperature charted and re- 
corded by a group of electric, ther- 
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mostatie and recording instruments. 

When esterification is complete, the 
liquid gum is pumped into filling 
tanks, from which it is run directly 
into steel shipping containers. These 
drums travel on a roller conveyor 
across the platform seale on which 
they are filled and from there to an 
out-of-doors platform where the gum 
hardens. Immediately after the drums 
cool to a temperature of 250 deg. F., 
the lids are locked in position, a coat 
of aluminum paint is applied and the 
head stenciled. After being allowed 
to cool thoroughly, drums are rolled 
into freight cars, trucks or trailers 


Acid 


Type Color Number 


Pure Phenolic 


Modified Phenolic 


to 


AMAA 
to 


Non-Phenolic 


Phenolated Copals 
Esterified Copal 


Fused Copal E-D 80-85 
Modified Copal I-H 15-20 
Pure Rosin Ester M-K 8-12 
G-F 15-20 

WG-N 115-130 


COLOR: All hard resin colors graded according to U. S. Department of Agriculture Rosin Standards. 


Left—Still in which Congo 


copals are fused, esterified 
and modified. Also, blending 
tank for mixing batches. 


Above—Ester gum processing 
with premelter in center 


and routed to consumers in all parts 
of the country. 

At one end of this same building 
is the fossil gum department. The 
Congo copals are raised to the charg- 
ing platform around the kettle by 
portable elevators. Here they are 
fused in an oil-fired aluminum kettle, 
esterified and modified. When this 
process is completed the hot gum is 
pumped to a 40,000 lb. blending tank 
for intermixing several individual 
hatches of processed fossil gums. 
These esterified and modified copals 
meet many requirements of the paint, 
varnish and laequer of industry. 


Typical Synthetic Resin Specifications 


Average Drying Time 


Melting Dust Free Dry Pounds 
Range °F. Hours Hours per Gallon 
625°-650° 2-3 8-10 9.17-9.58 
625°-650° 2-3 8-10 9.17-9.58 
158°-176° 144-2 10-12 8.75-9.08 
181°-194° 119-2 10-12 8.75-9.08 
198°-215° 144-2 8-10 10.50-10.83 
275°-295° 1g-1% 4-6 
215°-232° 1%-2% 6-8 9.17-9.50 
215°-232° 144-2% 6-8 9.17-9.50 
176°-194° 2-3 7-9 9 .33-9.66 
208°-228° 144-2% 6-8 9.33-9.66 
230°-257° 1-2 4-6 9.66-10.00 
230°-250° 14-24% 6-8 9.42-9.75 
230°-248° 6-8 9.50-9.83 
199°-215° 2-3 7-9 9.50-9.83 
199°-215° 2-3 7-9 9.50-9.83 
268°-302° 1-2 4-5 9.17-9.50 
185°-200° 114-2% 6-8 8.75-9.17 
165°-176° 2-3 7-9 8.75-9.17 
176°~194° 1144-2% 6-8 8.83-9.17 
165°-178° 134-2% 7-9 9.17-9.58 
129°-143° 2-3 8-10 9.17-9.58 
130°-150° 2-3 10-11 9.17-9.58 


Alcohols Acetates Solvents 


Ins. 
Ins. 


S.C. 
8.C, 
8.C, 
S.C. 
Ins. 
Ins. 


Ins, 
Ins. 
Ins. 
Ins. 
Ins. 
Ins. 
Ins. 
Ins, 
Ins. 
Ins. 
Ins. 
Ins. 
Ins. 


Tung oil is treated to render it 
more efficient for paint and varnish 
formulation 


Solubility 


Coal Tar Mineral Tur- Drying 
Spirits pentine Oils 


S.C, 8. 2-3 §.C., 8.C. 
8.C. 1-1 8. 8.H. 
8.C, 1-1 S.H. 
1-1 S.C, S.H. 
8. Ins. Ins S.H. 
8. 2-3 B.C, B.C. 
S.C, 2-3 S.C, S.C, 
Ins. S.C 2-3 8.C. 
8.C. | 2-3 as. S.H, 
8.C, 8.C 1-1% S.H. S.H. 
8.C. 8.C Ins S.C. S.H. 
S.C, Ins. 8.H. 
S.C. 1-2 8.C. 

8.C. Ins. as 

8.C. S.C Ins 8.C, 
S.C, 8.C 2-3 8.C, 8.c, 
2-3 8.C, S.C, 
8.C 8.C 2-3 


DRYING: Time periods specified represent averages on properly formulated varnishes of from 15 to 20 gallons long, except pure phenolics figures which 


are on varnishes from 30 to 50 gallons long. 
SOLUBILITY: “ Ins.” means insoluble; 


“8.C.""— soluble cold in any proportion, and “ S.H."’— soluble hot in any proportion, Figures indicate 


maximum solvent tolerance without cloudiness or precipitation, the first representing resin and the second solvent. 
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Chemical Industry 


on the 


Niagara Frontier 


R. B. MacMULLIN, F. L. KOETHEN 


and C. N. RICHARDSON* 


Chem. & Met. 


INTERPRETATION 


A vast and varied chemical industry exists along the Niagara 
Frontier. Chief reasons are cheap, reliable power, favorable climate, 
inexhaustible supply of cooling water, a good labor market and 


unexcelled vrater, rail and air transportation facilities. 


Niagara 


Falls is “Electrochemistry’s Capital” and the utilization of the byprod- 
ucts of power makes an interesting chapter in chemical engineering 


history. 


The early development of the American and Canadian 


chemical and related process industries along the frontier and their 
present status are critically reviewed, with many outstanding 
achievements noted in this very comprehensive paper.— Editors. 


HE NIAGARA FRONTIER not only 

has a large chemical industry, 

but it is also distinetive in 
the nature of its products and in- 
teresting industrial 
history and of the personalities who 
have made it. Many of the large in- 
dustries of the area were established 
by pioneers in their fields and their 
impacts on the industrial balance of 
the country were momentous. These 
industries located there because of 
abundance of very cheap power; un- 
limited supply of cooling water; and 
excellent transportation situation; a 
climate that has dew extremes of 
temperature—no earth- 


beeause of its 


floods, no 


*Mr. MacMullin and Mr. Richardson 
are in the research department of Math- 
jeson Alkali Works in Niagara Falls, 
Mr. Koethen is technical director 
of American Lubricants, Inc. Their 
was presented at the Buffalo- 
Niagara Falls meeting of the American 
Institute of Chemical Engineers, May 
13-15, 1940. 
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quakes, no tornadoes; and because 
the principal markets of the country 
lie within a radius of about 600 
miles. 

The industries in Niagara and Erie 
Counties produced, according to the 
1937 Census, $1,078,000,000 worth of 
products of which the authors’ esti- 
mate that $425,000,000 were products 
of chemical or allied industries. Al- 
lowance for similar manufactures on 
the Canadian side of the Niagara 
brings the total for chemical industry 
to well over half a billion dollars an- 
nually. 


ELECTROCHEMICAL CAPITAL 


Nowhere in the world is congre- 
gated such an extensive and varied 
group of electrochemical industries 
as are found in the Niagara Peninsu- 
la. The bulk of this industry is 
engaged in electrolysis of salt and 
the making of ferro alloys, carbide 
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and artificial abra’sives, but an almost 
infinite number of other products is 
produced, many being derivatives of 
the basic materials already mentioned. 

Six plants at Niagara Falls de- 
pend on the basic reaction: Salt + 
Power = Alkali + Chlorine. The 
combined chlorine capacity of this 
group is over 400 tons daily, making 
this the greatest chlorine-producing 
area in the United States. The salt 
comes from the nearby Retsof Mines 
of the International Salt Co.; and 
the power’ of course, from Niagara’s 
waters. 


1Niagara’s hydro power is 100 per 
cent load-factor power, and that makes 
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The chlorine industry dates from 
1897 when the Mathieson Alkali 
Works established the Castner rock- 
ing mereury-cathode ecell.. The pur- 
ity of the caustic produced in this 
cell has had a very favorable in- 
fluence on the development of the 


it partioutariy valuable for the chem- 
ical and metallurgical industries which 
require large blocks of power at or near 
this load-factor. It is not cheap for 
low load-factor use. For example, 
Niagara power is delivered at 100 per 
cent load-factor for 3 mills per kw.-hr. 
If it is used at 50 per cent load-factor, 
it will cost 6 mills per kw.-hr. Under 
Similar conditions, steam-electric power 
at 100 per cent load-factor will cost 5 
mills per kw.-hr. and at 50 per cent 
load-factor it will cost 6 mills per 
kw.-hr., the same as hydro. Below 50 
per cent load-factor, steam power will 
be cheaper than the hydro.—Authors. 
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rayon industry. The other companies 
all use diaphragm cells of various 
types. The Hooker Electrochemical 
Co. started with the Townsend cell in 
1904. Of particular interest is the 
present Hooker type of cell in which 
the asbestos diaphragm is deposited 
on a screen as in making paper. Tak- 
ing into account all installations, 
more chlorine is being made today 
in this cell than in any other type 
(See Chem. & Met., July, 1938, pp. 
354-8). 

The Niagara Alkali Co. in 1907 
took over the Roberts Chemical Co., 
founded in 1902. The Roberts cells 
were replaced by Billiter cells and 
later by Voree cells. This company 
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Chemical Process Industries in the 
Niagara-Buffalo Area 


1. Scholler Bros. 2. Canada Hair Cloth. 3. Guar- 
antee Sitk, Dye & Finishing Co. 4. Interlake 
Tissue Mills. 5. Alliance Paper Co. 6. Garden 
City Tissue Paper Mills. 7. Prov’l. Paper Mills. 
8. Vegetable Parchment Mills. 9. Exolon Co. 
10. Ontario Paper Co ll. Stokeshard Rubber 
Co. 12. Standard Steel Co. 13. Canadian Atlas 
Steel Co. 14. Electrometallurgical Co. 15. Union 
Carbide Co. 16. International Nickel Co. 
17. Canada Cement, Ltd. 18. Canada Wineries, 
Ltd. 19. American Cyanamid, Lid. 20. Burgess 
Battery Co. 21. Oneida Community, Ltd. 22. Car- 
borundum Co. 23. Norton Co. 24, Chateau Gay 
Winery. 25. Niagara Smelting Co. 26. Titanium 
Alloy Mfg. Co. 27. Vanadium Corp. 28. Republic 
Carbon Co. 29. General Abrasive, 50. Pittsburgh 
Metallurgical. 31. National Carbon Co. 32. Amer- 
ican Treibach. 33. Niagara Wall Paper Co. 34. 
Aluminum Co. of America. 35. International Paper 
Co. 36. Acheson Graphite Co. 37. Gredag Corp. 
38. Carborundum Co. 39. Mathieson Alkali Works. 
40. E. I. duPont de Nemours & Co., Inc. 
41. Alox Chemical Co. 42. Niagara Aikali Co. 
43. Hooker Electrochemical Co 44. Oldbury 
Electrochemical Co, 45. Varcum Chemicals. 
46. Niacet Chemical Corp. 47. Union Carbide Co. 
48. Comstock & Westcott. 49. Great Lakes Car- 
bon Co. 50. International Graphite Corp. 
51. USL. Battery Corp. 52. Chisholm Ryder Co. 
53. Niagara Falls Sewer Authority. 54. Cowles 
Detergent Co, 55. Norton Laboratories. 56. Har- 
rison Radiator Co. 57. Simonds Saw & Steel Co. 
58. Buffalo Pump Co. 59. Tonowanda Steel Co. 
60. Becker & Moore Co. 61. Van Raalte Co. 
62. Remington Rand, Inc. 63. General Plastics. 
64. International Paper Co. 65. Spaulding Fibre 
Co. 66. Buffalo Slag Co. 67. Wickwire Spencer 
Steel Co. 68. Buffalo Electrochemical Co. 
69. Semet Solvay Co. 70. Dunlop Tire & Rub- 
ber Co. 71. E. I. du Pont de Nemours & Co., 
Inc. (Cellophane). 72. E. I. du Pont de Nemours 
& Co., Inc. (Rayon). 73. Linde Air Products 
Corp. 74. Huntley Station, Niagara Hudson Power 
Co. 75. American Radiator Co. 76. American 
Brass Co. 77. Pratt & Lambert, Inc. 78. Ameri- 
can Boron Co. 79. Buffalo Sewer Authority. 
80. Mentholatum Co. 81. Sowers Mfg. Co. 
82. Worlds Dispensary Medical Co. 83. Hewitt 
Rubber Co. 84. Republic Light Heat & Power 
Co. 85. Iroquois Gas Corp. 86. Spencer Kellog 
& Sons, Inc. 87. Pillsbury Flour Co. 8&8. Heckers 
H. O. 89. Quaker Oats Co. 90. Pierce & Stev- 
ens, Inc. 91. General Mills. 92. Harris Soap Co. 
93. Lucidol Corp. 94. McDougall-Butler Co. 
95. Michigan Limestone & Chem. Co. 96. Kelly 
Island Lime & Trans. Co. 97. Great Lakes Port- 
land Cement Co. 98. Donner Hanna Coke Corp. 
99. General Chemical Co. 100. National Aniline 
& Chemical Co. 101. U. S. Rubber Reclaiming 
Co. 102. American Lubricants Co. 103. Hygrade 
Products. 104. Linde Air Products Corp. 
105. Spencer Lens Co. 106. Buffalo Foundry & 
Mach. Co. 107. Archer Daniels Midland Co. 
108. Socony Vacuum Oil Co. 109. Mann Bros. Co. 
110. Republic Steel Co. 111. Bethlehem Steel Co. 
112. Exolon Co. 113. feral Portland Cement 
Co. 114. Philadelphia Quartz Co. 
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and the Iseo Chemical Co. (1916) 
both manufacture caustic potash as 
well as soda. The Niagara Smelting 
Co. was organized in 1916 to manu- 


facture aluminum; although this 
metal was never produced, the 
Wheeler chlorine cell has been op- 


erating successfully ever since. 

The duPont Company (R. & H. 
Chemicals Division), in contrast to 
the aforementioned, electrolyzes fused 
salt, producing metallic sodium and 
chlorine. Back in 1895 the local 
plant was then known as the Niagara 
Electrochemical Co., which started 
out by electrolyzing anhydrous caus- 
tie for the production of sodium. 
Within the last decade the present 
cell, invented by J. Cloyd Downs 
(Sehoellkopf medalist 1934) has 
greatly reduced the cost of sodium 
and made possible the great ethyl 
gasoline development. 

The Oldbury Electrochemical Co. 
(1897) is now the only plant manu- 
facturing chlorates. Both sodium 
and potassium chlorates and also per- 
chlorates are made. Chlorate was 
formerly made by National Electro- 
lytie Co. Various plants make in- 


Section of Niagara's Electrochemical 
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organic chlorides. To name a few: 
CCh, SCh, SiCh, TiCh, FeCls, sul- 
phuryl and thionyl chlorides, SbCl, 
AlCh, PCh, COCk and of course, 
HCl. 

The organic chlorination products 
are perhaps the most interesting. 
They inelude tetrachlorethane and 
trichlorethylene which find widely 
diverse applications as in the dry 
cleaning industry and in the mineral 
industry. Several plants chlorinate 
benzene and toluene, and make the 
henzoyl derivaties. Chlorpicrin, meth- 
yl chloride, dichloromethylstearate are 
also produced. 

Byproduct hydrogen from elee- 
trolytie cells is utilized in two syn- 
thetic ammonia plants. Another 
plant carries out custom hydrogena- 
tion, and still another uses hydrogen 
for making methanol. Several plants 
burn the hydrogen with chlorine to 
make HCl. 

The duPont company not only 
ships metallic sodium in bulk, but 
also utilizes it in the manufacture 
of sodium peroxide and sodium ey- 
anide. Two large plants (duPont 
and Buffalo Eleetro-Chemieal) make 


en 
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hydrogen peroxide and per salts. A 
third company, the Lucidol Corpora- 
tion, makes benzoyl peroxide and 
controls a bleaching process in the 
vast flour mill industry, a large part 
of which is located in Buffalo. 


Carbide.—The discovery of calcium 
carbide by Thomas Willson in 1892 
marked the beginning of an astound- 
ing chapter in chemical history, with 
the scenes laid chiefly at Niagara 
Falls. One of the first, but not very 
successful plants, was built there in 
1895. In 1898 the Union Carbide 
Co. was organized, to take over the 
operations at the Soo and at the 
Falls. The objective: to market car- 
bide as a souree of light and heat, 
the generated acetylene to compete 
with manufactured gas! The first 
contract with the Niagara Falls Power 
Co. was for 1000 hp. Today over 
150,000 hp. is utilized at the Niagara 
plant in the manufacture of carbide 
and ferro-alloys. Starting with a 
large number of small rotary Horry 
furnaces, drawing 120 hp. each, the 
plant today operates tapping fur- 
naces 200 times that size. The Wel- 


Industries Showing Carborundum, Mathieson and R. & H. Plants 
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land, Ontario plant was built in 1914, 
and draws about 50,000 hp. 

In 1904 the safe shipment of acety- 
lene dissolved in eylinders of ace- 
tone was introduced; and shortly 
after safe automatic generators for 
acetylene gas were perfected. Thus 
was ushered in the era of welding, 
which culminated in 1922 with the 
perfection of oxyacetylene welding 
technique. The Prest-o-lite, the Ox- 
weld-Acetylene Co., and the Linde 
Air Products Co., all subsidiaries of 
Union Carbide and Carbon Corpora- 
tion, supply the acetylene, the equip- 
ment, and the oxygen respectively, 
and all have plants in the local area. 
A recent development of more than 
passing interest is the shipment of 
liquid oxygen in 15-ton insulated 
tank cars, for use in local steel mills 
for descaling billets. 

In 1926 the carbide furnaces were 
enclosed, thus providing a source of 
nearly pure carbon monoxide in 
large quantities. Carbide and Car- 
bon Chemicals Corp. then built a 
plant to convert this gas with steam 
into COz and H». These gases are 
now separated, and the former con- 
verted to dry ice, while the latter is 
converted, with additional CO, to 
synthetic anhydrous methanol. The 
dry ice is sold advantageously in the 
rich fruit and dairy area and the 
methanol in part is consumed locally 
by other Niagara industries. 

The Union Carbide Co. supplies 
the Niacet Chemicals Corp. and the 
duPont Company with pure acety- 
lene gas by pipe line. In the former 
plant is made a long line of acetic 
acid and vinyl derivatives, and in the 
latter plant, a variety of chlorinated 
solvents. 

In 1909 the North American Cy- 
anamide Co. built a plant in Niagara 
Falls, Ontario. Outside of the standby 
plant at Muscle Shoals, which was 
built for the government under Cy- 
anamide Co. supervision, this is the 
only one of its kind in the Western 
Hemisphere. The basic material is 
calcium earbide, and the total fur- 
nace capacity approaches 100,000 hp. 
Nitrogen is furnished by the Claude 
process, and is reacted with carbide 
in a unique furnace to form calcium 
eyanamide. This finds wide use as 
a fertilizer as such, although a part 
is converted to sodium cyanide, am- 
mophos, and other agricultural prod- 
ucts. See Chem. & Met. Pictured 
Flowsheet for April, 1940, pp. 253-6.) 


Abrasives.—Abrasive wheels of nat- 
ural emery date back to 1875. The 
story of synthetic abrasives begins 
with Edward G. Acheson’s discovery 


Great Lakes Portland Cement Corporation Combines 
Water and Rail Facilities 


of silicon carbide in 1891. At first 
little more than a laboratory curi- 
osity, he gave it the trade name 
“Carborundum.” He obtained an 
order from a jeweler for 10 carats, 
at 40 cents a carat ($880 a pound), 
and went into business. In 1895 he 
moved to Niagara Falls where the 
hydroeiectrie development was just 
beginning. Large furnaces’ were 
built and its manufacture on a large 
scale began. Acheson soon left this 
venture to exploit synthetic graphite. 
His successor, and president today, 
is Frank J. Tone, to whom the first 
Schoellkopf medal was awarded in 
1931 for his part in this extraor- 
dinary development. 

In 1901 Jacobs developed Mois- 
san’s laboratory method of preparing 
pure fused alumina (corundum), and 
in 1905 L. E. Saunders adapted this 
to commercial production for the 
Norton Co. in Niagara Falls. This 
company in 1913 started the manu- 
facture of silicon earbide at Chip- 
pawa, Ontario, and later, 1931, moved 
their Niagara Falls alumina opera- 
tions to Chippawa. The Carborun- 
dum Co. was also early in producing 
fused Al:Os. 


Graphite and Carbon.—In 1895 Ed- 
ward G. Acheson discovered that if 
the temperature in his carborundum 
furnace was too high, the SiC de- 
composed. Silicon distilled off, leav- 
ing synthetic graphite. This en- 
couraged him to found in 1899 the 
Acheson Graphite Co., which has 
led and still leads the world in the 
making of this important commodity. 
It was Hamilton Y. Castner, how- 
ever, who discovered how to graphi- 


CHEMICAL & METALLURGICAL ENGINEERING e MAY 1940 e 


tize elemental carbon (1893). This 
became practical when carried out 
in the Carborundum type of fur- 
nace, many improvements being made 
by Acheson and Tone. Without 
graphitized anodes, the great elec- 
trolytie alkali and chlorine industry 
of today would not have been pos- 
sible. Today there are three pro- 
ducers in the Niagara area: Acheson 
Graphite Co. (now a U. C. & C. 
subsidiary). The International Graph- 
ite and Electrode Co., and the Exolon 
Co. The Gredag Corporation, for- 
merly an Acheson unit but now in- 
dependent, manufactures graphite 
lubricants. 


Phosphorus, —The Oldbury Electro- 
chemical Co. began operations in 
1897. They have manufactured white 
phosphorus by an electric furnace 
method continuously ever since. The 
process had been used in England, 
but located here because of cheap 
Niagara power. In 1927 Oldbury 
bought out the Phosphorus Com- 
pounds Co. and adjacent plant. From 
white phosphorus are derived a line 
of chemicals ineluding red P, phos- 
phorus sulphides, chlorides, hypo- 
phosphites, oxides, and phosphoric 
acid. The products are widely used 
in the match industry. Carbon 
monoxide, a byproduct of the fur- 
naces, serves as one raw material in 
the manufacture of oxalie acid.’ 


1 Editor’s Note: The original paper 
from which this article was condensed 
appears in full in the April, 1940, issue, 
Transactions of the American Institute 
of Chemical Engineers. In it will be 
found a fascinating history of the in- 
dustrial development of the Niagara 


area as well as more detailed informa- 
tion on the chemical and metallurgical 
industries of Buffalo and its environs. 


Chemical Engineers Concentrate 


In Buffalo-Niagara Area 


EDITORIAL STAFF REPORT 


ORE THAN 500 members and 

guests of the American In- 

stitute of Chemical Engineers 
met in Buffalo on May 13, 14 and 15 
for the 32nd semi-annual meeting— 
their fifth convention on the Niagara 
Frontier since 1910. Three technical 
sessions at which 18 papers were 
presented by 34 authors were supple- 
mented by visits to 20 plants in the 
area. Four other papers, originally 
prepared for the second International 
Chemical Engineering Congress in 
Berlin in June, 1940 (now indefinitely 
postponed!) were read by title. An 
active local committee, representing 
both Buffalo and Niagara Falls, was 
under the honorary chairmanship of 
Frank J. Tone, president of the Car- 
borundum Co., and was ably directed 
by R. B. MaeMaullin, general chair- 
man, and Burrows Morey, vice-chair- 
man. Lauren B. Hitchcock, chair- 
man of the entertainment committee, 
provided a unique and thoroughly en- 
joyable social program that included 
a series of “honeymoon events” at 
Niagara Falls. 

Chemical engineering’s many diverse 
developments in theory and practice 
were reflected in all of the technical 
sessions at Buffalo. Brief abstracts 
of those papers that dealt specifically 
with plants and processes are pre- 
sented first, followed by those con- 
cerned with fundamental studies of 
principles underlying the various unit 
operations. 


Sewage Treatment—Buffalo’s new 
sewage treatment works uses a pri- 
mary sedimentation process followed 
by sludge digestion and incineration. 
Features of chemical engineering in- 
terest include the dewatering of the 
sludge on vacuum filters followed by 
Combustion Engineering Company’s 
“flash-drying” process of solids dis- 
posal. Data collected and tabulated 
for the year 1939 suggest the appli- 
cation of a solids balance that should 
prove useful in other than sewage 
operations.—G. E. Symons, C. R. 
Velzy and Burrows Morey, Buffalo 
Sewage Authority. 


Electrolytic Alkali—Few industries 
have grown as rapidly as the electro- 
lytic alkali industry since its start in 
the United States in 1892. This 
growth has been characterized by the 
development of many types of cells, 
especially those of the diaphragm 
type. Within the last 15 years the 
producers of ammonia-soda alkali 
have also entered the electrolytic field, 
taking advantage of existing salt 
supply and cheap power available 
from high-pressure bleeder turbines. 

The electrolytic alkali industry is 
also interesting because of related de- 
velopments such as the nitric acid and 
salt process for chlorine, pumping of 
brine by pipeline from distant fields, 
production of salt by solar evapora- 
tion, mereury-are rectifiers, various 
methods of cooling, drying, compress- 
ing and liquefying chlorine, caustic 
evaporation and salt recovery, pro- 
duction of rayon-grade electrolytic 
caustic soda, and new methods of 
packing and shipping chlorine and 
liquid eastie soda. 

Attention was called to the out- 
standing advance in the use of de- 
posited asbestos diaphragms over the 
usual asbestos paper diaphragms 
made possible by unique cell con- 
struction.—R. L. Murray, Hooker 
Electrochemical Co. 


Niagara Industries —A comprehensive 
paper on the development of Ameri- 
ean and Canadian chemical and re- 
lated process industries along the 
Niagara Frontier, is presented in 
longer abstract on pages 338 to 341 
of this issue—R. B. MacMullin, Ma- 
thieson Alkali Works, Ine., F. L. 
Koethen, American Lubricants, Ine. 
and C. N. Richardson, Mathieson Al- 
kali Works, Ine. 

Absolute Alcohol—In recent years 
absolute aleohol has become of in- 
creasing importance abroad when 
used in admixture with other mate- 
rials for motor fuels. The usual 
method of production depends on an 
azeotropic distillation with a water- 
insoluble compound, such as benzol, 
but the high heat cost, the compli- 
eated and costly equipment necessary 


and other factors are cited as disad- 
vantages of this method. By the use 
of ethyl ether as the entraining agent, 
the steam consumption may be re- 
duced considerably, and the equip- 
ment greatly simplified, primarily 
because there is no ternary constant- 
boiling mixture of ether, water and 
alcohol, such as there is with all other 
materials which have been used here- 
tofore.—T. O. Wentworth, Vulean 
Copper & Supply Co. and D. F. 
Othmer, Polytechnic Institute of 
Brooklyn. 


Alumina from Kaolin—Work of 
Cowles and others has shown that 
Al,O, may be extracted from clay 
and similar raw materials by furnac- 
ing the aluminous material after mix- 
ing with limestone and soda ash, fol- 
lower by leaching the furnaced prod- 
uct with water. By variations in com- 
position of the furnace charge and 
processing temperatures, ‘it was 
found possible to extract 85 to 90 
per cent of the alumina from a 
kaolin containing 39.4 per cent 
Al.O,. The recovered alumina com- 
pared favorably in purity with that 
used at present by the aluminum in- 
dustry. Less favorable results were 
obtained with a fire clay containing 
27.5 per cent Al,O, and a coal ash 
containing 13.9 per cent. Use of the 
residue remaining after the leaching 
operation seems to offer possibilities 
in the manufacture of portland ce- 
ment.—Karl Kammermeyer, Drexel 
Institute and Alfred H. White, Uni- 
versity of Michigan. 

Drying Fibrous Materials—Samples of 
leather taken from a commercial tan- 
ning vat were dried in an experi- 
mental air-conditioned dryer control- 
ling time, humidity and temperature 
to effect drying without “air-burning” 
the leather. Eighteen runs were made, 
varying from 68 to 192 hours, at hu- 
midities between 48.5 and 98.5 per 
eent and dry-bulb temperatures be- 
tween 63.9 and 73.8 deg. F. Results 
indicated that humidity control is the 
most important factor in the drying 
of heavy leather and that temperature 
and air velocity are of secondary im- 
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General Committee, Western New York Section of A. I. Ch. E., Buffalo-Niagara Falls Meeting. Left to right members are: (standing) 


Riegel, Shepard, Eberlin, Hitchcock, Murray, Wallace, Crewson; 


portance for reduction of time of 
drying and prevention of air-burns. 
—Frank C. Vilbrandt, Virginia Poly- 
technic Institute and J. W. Moore, 
Virginia Engineering Experiment 
Station. 


New Heat-Transfer Medium— A molten 
mixture of inorganic salts has re- 
cently come into plant-seale use as a 
heating and cooling liquid. This mix- 
ture, consisting of approximately 40 
per cent sodium nitrite, 7 per cent 
sodium nitrate and 53 per cent potas- 
sium nitrate can be used at at- 
mospherie pressure in the tempera- 
ture range of about 300 to 1,000 deg. 
F. It is found to be especially valu- 
able at temperatures above the maxi- 
mum limits of oil or Dowtherm. The 
mixture must be properly handled to 
reduce corrosion and thermal decom- 
position—W. E. Kirst, W. M. Nagle 
and J. B. Castner, E. I. du Pont 
de Nemours & Co. 


Heat Trgnsmission—After careful 
study of previous investigations, an 
experimental apparatus has been de- 
signed and operated with particular 
attention to accuracy of temperature 
and heat-flow measurement. With this 
apparatus, individual heat-transfer 
coefficients from a vertical chromium- 
plated tube to boiling liquids have 
been determined for water, aqueous 
solutions of a wetting agent and of 
sugar, carbon tetrachloride and iso- 
propanol at atmospherie pressure 
and for water at pressures below at- 
mospheric. It has been shown that 
time is not an important variable 
when contamination is absent, but 
that liquid properties, heat flux den- 
sity and pressure are. These facts 
have led to the formulation of a 


new correlation equation.—Thomas 
H. Insinger, Jr., and Harding Bliss, 
Yale University. 

Steam Condensation— Condensing 
steam coefficients have been measured 
under film and drop-forming condi- 
tions in the same vertical-plate con- 
denser. The effects of heat load, 
steam velocity and length of vertical 
surface have been evaluated. By 
means of a graphical correlation of 
the effect of steam velocity on drop- 
wise coefficients, the true effeet of 
length on such coefficients has been 
determined. Similar data confirm 
Nusselt’s predictions for film coeffi- 
cients.—F. L. Shea, Jr., University of 
Pennsylvania and N. W. Krase, 
E. I. du Pont de Nemours & Co. 


Batch Distillation—A graphic method 
has been developed for computing 
the batch distillation curve (per cent 
distilled vs. distillate composition) 
for a binary mixture. It is necessary 
to know the vapor-liquid equilib- 
rium diagram for the mixture, the 
distillation system efficiency  ex- 
pressed in theoretical plates, the re- 
flux ratio and the charge composi- 
tion. Benzene-toluene and benzene- 
ethylene dichloride mixtures were 
used.—E. H. Smoker, United Gas 
Improvement Co. and Arthur Rose, 
Pennsylvania State College. 


Packed Towers—A rapid simplified 
graphical construction of transfer 
units is a method applicable to the 
general case wherein both gas and 
liquid film resistances are consider- 
able—G. Edwin White, College of 
the City of New York. 


Vapor Pressure Correlation—It is 
shown that vapor pressures of liquids, 
of solids, of solutions having a non- 
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(seated) Mrs. Hitchcock, MacMullin, Tone, Morey and Mrs, Morey 


volatile constituent, of solutions hav- 
ing two or more volatile constituents, 
of hydrates losing water by efflores- 
cence and of other materials under- 
going decomposition, give straight 
lines when plotted on logarithmic 
paper against values of the vapor 
pressures at corresponding tempera- 
tures of a referred substance. The 
slope of the line is equal to the ratio 
of the latent or other total heat quan- 
tity involved in the evolution of the 
vapor to the latent heat of the ref- 
erence subject. This indicates the 
validity of the following equation: 


L 
log P = a log P’ + C 


where P and P’ are pressures and 
L and L’ are molar latent heats re- 
spectively of two compounds always 
taken at the same temperature and C 
is a constant. Plots are made to illus- 
trate the utility of this relationship 
with various materials in checking 
and correlating vapor pressure data; 
and it is shown to give lines more 
nearly straight than are obtained by 
any other method of plotting which 
has been suggested. Latent heats 
have been evaluated and checked: 
heat of fusion, of hydration, and dis- 
sociation, of dilution or solution, of 
chemical reactions, ete. are also 
shown to be related to the method 
and may be caleulated.—Donald F. 
Othmer, Polytechnie Institute of 
Brooklyn. (For applications and 
construction of these charts see pp. 
296-299. ) 

Heat Transfer—Results are presented 
of experimental values of non-boiling 
heat coefficients from condensing 
steam to water in annuli. The annuli 
measured were assembled from vari- 

(Please turn to page 372) 
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Conversion Devices for 


Cc. Cc. LEV Y Westinghouse Electric and Manufacturing Co., East Pittsburgh, Pa. 


LECTROCHEMICAL INDUSTRY was 
born before the conversion de- 
vice. If such a machine had 
never been needed or had never been 
invented the industry would still have 
survived, but it could never have at- 
tained its present size and importance. 

A conversion device is simply a link 
between an alternating current system 
and a load requiring direct current. 
When the conditions are reversed we 
call the device an inverter. A con- 
verter exists beeause of the necessity 
for obtaining direct currents for cer- 
tain loads and the economie difficulty 
in directly generating the power re- 
quired for them. 

The electrochemical industry settled 
first at Niagara Falls, and prospered 
there for two reasons: (1) The direct 
current required could be generated 
by Niagara water power more eco- 
nomically than by steam power else- 
where, and (2) When the industry 
had just about reached the economic 
limits of the d.c. generating system 
with which it started, along came the 
alternating current system and the 
conversion device to give it new life 
and new strength. 

Generation and transmission of poly- 
phase alternating current on a large 
scale was first accomplished at Nia- 
gara Falls. The importance to all 
modern industry of that historie ac- 
complishment can never be over- 
estimated. 

The results attained at that time 
may seem commonplace to us now, 
but it took courage, imagination and 
foresight to plan and earry through 
that undertaking when existing ex- 
perience was so pitifully small. 

We may smile now at some of the 
early plans to use Niagara power. 
One such plan was a system of pneu- 
matic tubes supplied by turbine 
driven air compressors, with air lines 
leading to factories near the power 
house where compressed air motors 
would be used. Another proposed 
long lines of counter shafting spread- 
ing from the power house like a 
gigantie spider web. The final de- 


Part of a Symposium on Power and Elec- 
trochemical Industry presented before the 
local sections of the A.LE.E. and Electro- 
chemical Society at Niagara Falls, Mar. 14, 
1940 
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Direct current power requirements of electrochemical industries and 
railroads were largely responsible for the invention and develop- 
ment of various rectification devices. Since it is economically prefer- 
able to transmit power as alternating current and since most electro- 
chemical operations require direct current, much of the growth of the 
chlorine, electroplating and other electrochemical industries can be 
traced to solutions of the problem of making d.c. from a.c. In this 
article Mr. Levy. who has been prominently connected with the 
development of conversion devices, shows how various types have 
been developed to meet new needs and new demands. —Fditors. 


Above are shown two conversion devices. At the top is a reproduction of an old 

photograph of an early converter. It is of historical interest being the first synchronous 

converter to supply direct current for street railway operation. Below is a modern 
three-unit fabricated-frame motor-generator set 
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Electrochemical Loads 


cision to generate and transmit alter- 
nating current had a far greater in- 
fluence on the growth of the electro- 
chemical industry than was suspected 
at that time. 

But the generation and transmis- 
sion of power was not the only prob- 
lem. The power had to be used in the 
industry as direct current and the con- 
version device was necessary. 

It was another fortunate cireum- 
stance for the growth of the electro- 
chemical industry that the generation 
and transmission of a.c. power was 
synchronized with the development of 


The motor-generator (top), used in a copper refinery plant, is a typical three-unit set 
of cast type construction. Below is a six-tank experimental Ignitron rectifier, installed 
at the Massena Plant of the Aluminum Co. of America. Note the rectifier switchboard 


the converter and the large alternat- 
ing current motor. 

This point is well illustrated by a 
development that took place at the 
same time in the generation of direct 
current power, 

The first delivery of a.c. power from 
the Niagara Falls Power Company to 
the Pittsburgh Reduction Company in 
1895 occurred at a time when the Nia- 
gara Falls Hydraulic Power and 
Manufacturing Company was already 
supplying d.c. power to several other 
electrochemical companies, all of 
which were situated close to the power 


and control cabinet for excitation generator 
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house. However, each customer de- 
manded a different d.c. voltage mak- 
ing efficient operation impossible. For 
example, the Pittsburgh Reduction 
Company used 300 volts, the National 
Electrolytic Company 135 volts as 
well as 175 volts, the Acker Process 
Company used the output of a 3,100- 
amp., 325-volt d.e. generator. 

However, the rapid growth of the 
alternating current system and the 
development of the synchronous con- 
verter and the large a.c. motor for 
driving a d.c. generator completely 
displaced this haphazard generation 
of direct current. 

The first synchronous converters 
were designed in 1893 by the West- 
inghouse’ Company and exhibited at 
the World’s Fair in Chicago. This 
exhibit was followed by the first com- 
mercial units, two 200-kw., 25-cyele 
converters to be used as exciters for 
the Niagara Falls Power Company. 
The electrochemical industry in Nia- 
gara Falls soon followed with con- 
verters obtained from both the Gen- 
eral Electrie Company and the West- 
inghouse Company to supply d.e. 
from two phase a.c. power supply. 

Initial difficulties in operation 
caused by “hunting” of the synchron- 
ous converter were overcome by the 
development of damper windings and 
thereafter the growth of the synchron- 
ous converter in this and other in- 
dustries was extremely rapid. 

An early problem in the use of con- 
verters for electrochemical loads was 
the voltage regulation of the d.c. The 
first answer was either to change the 
taps in the supply transformer, or to 
use an induction regulator in the 
primarly supply. The early tap 
changers were unsatisfactory because 
of contact troubles and the induction 
regulator was expensive. To meet 
this problem converter designers pro- 
duced the synchronous booster con- 
verter. The first booster was supplied 
by the Westinghouse Company to the 
New York Edison Company in 1906, 
as an alternative to the induction 
regulator scheme of voltage regula- 
tion. In 1907 the General Electric 
Company brought out the “split pole” 
converter to accomplish the same re- 
sults in a different manner. For some 
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Above are shown examples of the two static conversion devices used by electro- 

chemical industries. At the left is a 6,000-amp., 3,000-kw., 4-section mercury arc rec- 

tifier with heat exchanger and at the right is a 750-amp., 9-volt plate-type copper oxide 
rectifier for electroplating service 


vears booster and split pole converters 
competed with the usual arguments 
as to which was the better. However, 
the advent in 1911 of commutating 
poles for synchronous converters put 
the split pole at a great disadvantage 
because of the resulting complications 
in design. From that time the 
synchronous booster with rotating 
booster armature in series with the 
main windings and the collector rings 
became the preferred unit for electro- 
chemical and 3-wire lighting service. 

The period from 1911 to 1930 may 
be regarded as the heyday of the 
synchronous converter as a conversion 
device. It is true that many motor 
generator sets were used because for 
some applications the ease and 
simplicity of d.c. voltage regulation of 
the MG set was preferred or because 
the d.c. voltage was 125 or less. How- 
ever, superior efficiency of the syn- 
chronous converter gave it prefer- 
ence. Efficiency increased with the 
size of the units and therefore larger 
and larger units were applied. The 
largest units that have been used in 
electrochemical service are the four 
16,000-amp. 340-volt units in the 
plant of the R & H Chemical Division 
of the DuPont Company at Niagara 
Falls. These units were not booster 
converters but shunt converters with 
load type tap changers for control of 
d.e. voltage. 

During this period the most sig- 
nificant development in the conversion 
art was the introduction of fabricated 
design for machine parts. This de- 
velopment which had its inception in 
1928 applied to both d.c. and a.ce. ma- 


346 


chinery. It was an important in- 
fluence because of the tendency it gave 
to reduction in cost and weight of the 
special machines which the electro- 
chemical industry has always de- 
manded. 

As the synchronous converter ap- 
proached its zenith, a new and quite 
different type of conversion device ap- 
peared on the horizon. 

The steel tank mereury are rectifier 
were imported from Europe shortly 
after the last war. In Europe its de- 
velopment had been promoted by the 
necessity for conserving copper dur- 
ing the war. It demanded exacting 
technique in manufacture and in- 
volved expensive research. These fac- 
tors, as well as costly field troubles, 
made its initial progress very slow in 
this country and it was not until 1929 
that it became a really commercial 
conversion unit. From that time on it 
rapidly replaced the synchronous con- 
verter in railway service. At about 
the same time the large metropolitan 
lighting systems began to change over 
from d.c. to a.c. and the business de- 
pression struck the country. The 
rise of the mereury are rectifier then 
coincided with the decline of the syn- 
chronous converter. From 1930 on 
there has been an extremely rapid de- 
cline in the number of converters ap- 
plied in the industry even though the 
adoption of the mereury are rectifier 
for electrochemical service was de- 
layed for several vears. 

Several causes led to the establish- 
ment of the mereury are rectifier in 
traction service long before it was 
considered for electrochemical loads. 


One of these is the dependence of the 
rectifier efficiency on the voltage drop 
across the conducting are of the recti- 
fier; what is known as the “are drop” 
of the rectifier. Approximately two- 
thirds of the entire loss of a conven- 
tional rectifier is dissipated in the are 
drop, which in the rectifiers then 
available varied from 25 to 30 volts. 
As a result, the efficiency at 250 volts 
was considerably less than that of the 
synchronous converter, whereas at 600 
volts which was standard in railway 
service, efficiency was very satisfac- 
tory. 

The fact that a rectifier has better 
efficiency at light load than at full 
load was another advantage for trac- 
tion service that has no meaning for 
the continuous maximum loads in 
electrochemical service. The ability 
of a rectifier to withstand high 
momentary overloads is a marked 
asset in railway work but is of no 
value in a cell load which does not 
fluctuate. Nevertheless, the chief ob- 
stacle to the adoption of the rectifier 
has been the comparatively low d.c. 
voltages used in the industry. 

A rectifier is an ampere rated de- 
vice although the transformer which 
goes with it is a kilowatt rated device. 
At 500 volts, a unit with an output 
of 1,000 kw. will consist of a 2,000- 
amp. rectifier and a transformer of 
sufficient kva. to give 1,000 kw. d.c. 
At 250 volts the rectifier is a 4,000- 
amp. unit and the transformer has the 
same rating. The lower voltage unit 
will therefore be more expensive per 
kw. of d.c. output. 

These reasons and a well supplied 
market in used synchronous convert- 
ers slowed up the introduction of the 
mercury are rectifier except in special 
eases. For example, the earliest in- 
stallation in North America for elec- 
trochemical service was made in 1929 
at Traill, British Columbia, to supply 
d.c. at 650 volts for hydrogen and 
oxygen cells. The earliest rectifier in 
electrochemical service in the United 
States was not installed until 1934. 
Since then the increase in rectifier 
capacity has been remarkable. In 
1937 comparative figures for the 
United States show— 

Installed rotating conversion units: 

644,875 kw. 

Installed mereury rectifier 

units: 136,460 kw. 

Installed d.c. generators (turbine or 

diesel drive): 107,795 kw. 


The estimated installed capacity in 
mercury are rectifiers today is 150,000 
kw. If equipment now on order but 
not yet installed is ineluded, the 
capacity in rectifiers will be over 
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250,000 kw. These figures are for the 
United States alone and indicate the 
rapid inerease in the use of this con- 
version device. In Canada there has 
been a similar rapid developmnt in 
rectifier applicatons. 

In the same period, the increase in 
synchronous converter installations 
for this or any other industry requir- 
ing direct current has been almost 
negligible. 

The mereury are rectifier, mean- 
while, was in process of further de- 
velopment, the results of which have 
greatly increased its value to the 
electrochemical industries. Because 
the are-drop was the key to the effic- 
iency of the rectifier, efforts were 
made to reduce it. These efforts 
culminated in the introduction by the 
Westinghouse Company in 1937 of 
the Ignitron rectifier, a type of mer- 
eury are rectifier in which each anode 
and cathode is enclosed in an individ- 
ual evacuated steel chamber. In this 
it differs from the earlier type of 
mereury are rectifier often called the 
multi-anode type which has 6 or 12 
anodes in a single evacuated chamber. 
While the multi-anode type is con- 
tinuously excited, that is the exciting 
are which gives rise to the so-called 
“eathode spot” on the surface of the 
mereury is always present in the 
evacuated chamber, in the Ignitron it 
is permitted to go out at the end of 
each conducting period and is renewed 
each cycle at the desired time. 

By removing the exciting are from 
the evacuated chamber at a time when 
the anode is carrying negative volt- 
age there is no ionization in the spece 
between the anode and the cathode so 
the anode can be placed quite close 
to the cathode and the amount of 
shielding required can be made con- 


Cross-sectional view of an Ignitron rectifier 


showing details of construction 
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siderably less than with the multi- 
anode type. This results in much 
less are drop for the Ignitron rectifier 
than for the multi-anode rectifier. 

Because the are is permitted to go 
out each eyele an external means of 
firing it is required. This is supplied 
by small thyratron tubes connected in 
series with the erystal starter across 
the anode and cathode of the Ignitron 
rectifier. The passage of current 
through the starter causes a high po- 
tential gradient at the surface of the 
mereury cathode into which it dips 
and produces the cathode spot. A 
very simple control of d.c. output 
voltage is then obtained by controlling 
the grids of these auxiliary firing 
tubes. 

Continued research work has re- 
sulted in a decided improvement in 
the reliability of mereury are recti- 
fiers. In spite of what has been done, 
the mereury are rectifier is still sub- 
ject to the phenomenon known as “are 
back.” This means that occasionally 
the mechanism of are retification is 
reversed and the cathode spot, which 
is essential to the operation of the 
device, for reasons that scientists have 
not yet been able to explain, suddenly 
appears on the anode at a time when 
it is carrying reversed voltage. An 
internal short cireuit in the rectifier 
results which must be cleared by in- 
terruption of the cireuit. 

This momentary failure does not 
damage the rectifier in any way and it 
happens so rarely in a well designed 
and properly operated rectifier that it 
is neglected. However, efforts are be- 
ing made to track down the causes of 
this phenomenon and when they have 
been found we may expect in time 
rectifiers entirely free from are back. 
Furthermore, such rectifiers may be 


more efficient because our lack of 
knowledge of the cause of are backs 
still makes it necessary to have more 
shielding and therefore greater are 
drop than the ideal rectifier should 
require. 

The progress of the Ignitron reeti- 
fier since its introduction in 1937 has 
been phenomenal. The first electro- 
chemical installation went into service 
in 1938. This unit was rated at 4,800 
amperes at 285 volts. Since then 
more than 17,000 kw. have been in- 
stalled in traction, mining and other 
fields. The real proof of the success 
of this device is the fact that in the 
last few months a total of 280,000 
amperes in Ignitrons have been or- 
dered and will be installed before the 
end of this year. The increase in 
kilowatts from 17,000 to 180,000 in 
one year is impressive. 

The fact that the Ignitron type of 
rectifier will be used in nearly all the 
recent large scale applications; by the 
Aluminum Company in its new plant 
in the Northwest, by the Canadian 
Aluminum Company as well as by the 
Dow Chemical Company in its new 
plant in the Southwest, is sufficient 
indication of its importance as a con- 
version device. 

The question of rectifier vs. con- 
verter or motor generator set is still 
an open one as far as 250 volts is con- 
cerned, one reason being the avail- 
ability of used 250-volt rotating 
equipment. As time goes on, the re- 
placement probiem will become more 
acute and the issue will be more 
sharply drawn. A long range plan 
will certainly favor the rectifier even 
if operating voltages can not be in- 
creased. For example, the building 
costs for a rectifier substation are less 
than with rotating equipment. No air 


A six-cell Ignitron rectifier unit prior to installation; this unit gives 2,500 amps. 
at 600 volts. See chart on page 348 for efficiencies 
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Electrcchemical plant installation of 
4,800-amp., 285-volt Ignitron 


cleaning or special ventilation will be 
required. 

A different type, the copper oxide 
rectifier, has recently been tried out 
in the electrochemical industry. It 
had its start in the plating industry 
but it has recently found some useful 
application in electrolytic work. 

It sometimes happens that the 
characteristics and performance of a 
new cell must be investigated under 
the proposed commercial operating 
conditions of current density, size of 
cell and so forth. It is not practical 
to do this with the normal power plant 
because even though the current is 
large the voltage is quite low, being 
from four to six volts. 

The d.e. required can be obtained 
very conveniently and economically 
from a copper oxide rectifier which 
has grown in the last few years from 
a small control or battery charging 
device to a real power supply. Its 
advantages are simplicity in construe- 
tion and operation; it has no moving 
parts except a small ventilating fan 
and no maintenance to speak of. Its 
application is limited to the low volt- 


Comparative efficiencies of 600-kw., 
275-volt, voltage controlled multi-anode 
single tank and Ignitron rectifiers 
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Conversion Devices, Balance Sheet of Advantages and Disadvantages 


Unit Advantages Disadvantages 
Motor Voltage regulation simple and Needs clean air for cooling. 
Generator inexpensive, offers p.f. correc- Overall efficiency comparatively 
Set tion when synchronous drive is low. Requires large starting 
used. D.C. independent of a.c. kva. in some cases. Subject to 
Cost lower than rectifier at 250 current collecting problems. 
volts, Heavy foundations. Noise. Cost 
of brushes. 
Synchronous Comparatively high efficiency Needs clean air for cooling. 
Converter at 250 volts. Cost lower than Subject to current collecting 
rectifier at 250 volts. Operates problems. Heavy foundations. 
at unity p.f., voltage regula- Noise. Cost of brushes. 
tion expensive. 
Mercury Static device. Simple voltage Power factor below unity, de- 
Are regulation. Water cooled. Re- pends on amount of grid control 
Rectifier sists corrosion. Indefinite life, used. Initial cost at 250 volts 
light weight compared to ro- higher than rotating equip- 
tating equipment. Simple to ment. 
operate. High efficiency 
Copper Static device. Light weight. Regulation not as good as with 
Oxide Indefinite life. Low mainte- motor generator set. Slight 
Rectifier nanee, loss in efficiency with age. 


age field because it is not economical 
to build them for large currents and 
voltages in excess of 12 volts. They 
are commercially competitive with the 
special motor generator sets which are 
used for plating power supply. 
Forty-five vears of the conversion 
art brings us to the present. The rise 
and decline of the synchronous con- 
verter has been noted. The rapid use 
of the mercury are rectifier is shown. 
No attempt will be made to prophesy, 
as improvements are always to be 
expected. However, it is very unlikely 
that the conversion device of the fu- 
ture will be a piece of rotating equip- 
ment. Long life and low maintenance 
always accompany the static electrical 


device. The conversion unit will be no 
exception to this general rule. 
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Not a conversion device, the photograph below shows the two new 9,378 kva. turbine 
generators in the E. I. duPont Company's Nylon plant at Seaford, Del. 
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Acetic Acid 
from Wood Distillation 


cETIC ACID, direct from wood distillation, is still 
important material and competitive with 
synthetic acetic acid. Among more recent chemical 
engineering contributions is the Othmer process 
which Chem. & Met. Eng. (Vol. 42, 


described in detail, although since 1935 various 


page 356) 


improvements and economies of operation have been 
made. Charcoal and methanol of various grades 
are, of course, also produced. In modern process- 
ing, hard wood, preferably beech, birch, or maple 
is air dried for a vear and then fed into _ pre- 
drvers where the moisture content is reduced from 
about 50 per cent to 25 per cent, then carbonized 
out of contact with air, cooled for two days in sue- 
cessive coolers: and the charcoal so produced is 
vraded, sized, and packaged. 

The vapors are condensed in the condensers ad- 
jacent to the retorts and non-condensable gases are 
used for fuel either under the boilers or under the 
retorts. Tar is always present or formed and must 
be removed at several points. 
distilled off and refined. 


The methanol is 
Water is removed from 


Retort through charging end showing double 
doors, track for buggies and condenser outlet 


Charcoal in buggies on way to second cool- 
ers. Natural cooling is necessary to prevent 
fire and eliminate spontaneous combustion 
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the acetic acid (discharge is pure, contains only 
01 per cent acid) by an azeotropie distillation using 
a water insoluble solvent as the entrainer; and the 
acid remaining is separated from the tarry impuri- 


PREDRYER 


Lond. 


ties and refined to give as pure a product as may 
be made by any synthetic process. Another product 
from American hard wood charcoal, a high grade 
of activated carbon, is also shown as it is produced 
by the Gray company as an important contribution 
to the fields where activated carbon has become an 
essential. The following photographs illustrate 
wood distillation and the Othmer process as con- 
ducted at the Gray Chemical Co., Roulette, Pa. 
Some of the pictures are also by courtesy of Vulcan 
Copper & Supply Co. of Cincinnati and Crossett 
Chemical Co., Crossett, Ark. 
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a a] 28 Wood gas header to water scrubber for volatiles. Upper header . 
les +4 is washed gas line for burning under retorts 
“See 
i «< 


Retort condensers showing outlet from the spill 
funnel for pyroligneous acid to storage tanks, and 
the non-condensable gas lines 


WOOD RETORT 
| 1 Cord | 
4000 lb. Wood 


1000 Lb. Charcoal peasy peasy 


Wood Gas - Wood Gas 
A 
Vent 
CONDENSER | 
A 
f | 
CATCH- 
All 
Tubs, used for 40 years, setting insoluble r -—= 
tars from pyroligneous liquor inflowing from pies. - 
tank t k (tot li ime 24 h pry, 
ank to tank (total settling time ours) METHANOL / ae 
COLUMN 

METHYL 
ACETATE 
METHYL 
ALCOHOL 
STORAGE 


A PRE- 
EVAPORATOR 


Y 250 Gal. 


TTT?’ TT 


TAR || 
SETTING 


24 Hr. Ul LI 
IT] Storage [7177 


HEATER 


Tar 
10 Gal. 


‘ Demethanolizing unit and methanol re- 
fining unit, far left; control panel with 
gages and meters for demethanolizing 
column, above and to left: feed and 
water pumps, below and to left. 
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Charcoal in buggies leaving retort on right, entering first cooler on left. 
The turn-table arrangement is shown 


Ist DAY COOLER 


Acid refinery: top of dehydrating column, main 
condenser, silver condenser for final acid in 


background 


2nd DAY COOLER 


W Vent 
al| « CONDENSER 
Vent 
WATER LAYER 
DECANTER 
— 
WATER 
A Vent COLUMN 


Acid refinery: dehydrating column in 
the center, a pre-evaporator on lower 
right and acid refining column on left 
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Operating floor of acetic refinery. Pre-evap- 
orator on right distills to main column re- 
moving water, Acid refining column on left 
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Charcoal is unloaded from the rack in tipple 
house and passed through grizzly bars on right. 
Any uncompletely carbonized pieces of wood 
are removed at this point 


Lump charcoal is dropped into hopper shown by 
means of a belt conveyor and as it works down 
dust is allowed to flow through screen bottom 


CHARCOAL 
| PACKAGING 


Charcoal is activated in tube 
at a high temperature, is fed 
to hopper over continuous 
Raymond mill equipped with 
dust collecting and sizing 
classifier. It is discharged in 
sacks and packed 


an 


Airplane view of the plant of 
the Gray Chemical Co. at 
Roulette, Pa. in which many of 
these photographs were taken 
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New Electrochemical 


Developments 


EDITORIAL STAFF REPORT 


F. C. Mathers of University of Indiana 
elected Society president 


Colin G. Fink again reelected secretary 
of Electrochemical Society 


HE 77TH MEETING of the Electro- 

chemical Society was held at Wer- 
nersville, Pa., April 24-27. This meet- 
ing-place proved to be a popular 
choice for an unusually large num- 
ber of members and guests were at- 
tracted to the Pennsylvania resort 
located in the neighborhood of many 
interesting industrial plants. 

Dr. Frank C. Mathers was elected 
president of the Society. He hails 
from the University of Indiana which 
he serves as professor of inorganic 
chemistry. The newly elected vice- 
presidents are: E. M. Baker of the 
University of Michigan; G. B. Hoga- 
boom, Sr., of Hanson, Van Winkle, 
Munning Co., and M. de K. Thomp- 
son of the Massachusetts Institute of 
Technology. The new managers are: 
S. D. Kirkpatrick, editor of Chemical 
& Metallurgical Engineering, A. K. 
Graham of A. Kenneth Graham & 
Associates, and R. L. Seabury of 
Deleo-Remy Corporation. R. M. 
Burns of the Bell Telephone Labora- 
tories and Colin G. Fink of Columbia 
University were re-elected treasurer 
and secretary respectively. 

The Society awarded the twelfth 
Weston fellowship of $1,000 to Wal- 
demar P. Ruemmiler of St. Louis. 
He will continue his research at 
Columbia University, investigating 
the. electrodeposition of antimony. 
The work will be done under the di- 
rection of Professor Fink. 

The Society’s prize to young au- 
thors was awarded to Dr. George A. 
Moore of Princeton, N. J., for his 
paper entitled “The Comportment of 
the Palladium-Hydrogen System To- 
ward Alternating Electric Current.” 
Dr. Moore is instructor in metallurgy 
at Princeton University. 

Technical sessions were held on 
the following subjects: (1) Elee- 
trie steel; (2) Electrodeposition of 
copper and other metals; (3) Gal- 
vanie effects and other electrochem- 
ical phenomena; (4) Electrolytic 
oxidation and reduction, and (5) 
Fundamental subjects. 
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The session on electrie steel was 
presided over by Dr. P. H. Brace 
of Westinghouse Electric & Mfg. 
Co. The present status of the elec- 
trie are furnace in industry was dis- 
cussed by W. E. Moore, president of 
the Pittsburgh company bearing his 
name. He stated that in the ingot 
field the modern top-charge rapid- 
type electric furnaces are in com- 
petition with the open hearth fur- 
nace for producing ordinary carbon 
steels of the commercial grade. In 
the production of tool steels, stain- 
less and other alloy steels, the elec- 
trie are furnace is distinetly superior. 
Carbon electrodes have been marked- 
ly improved in quality of material 
as in the joint fitting and finishing. 
They have been greatly improved as 
to the electrical conductivity by 
means of couplings. The graphite 
electrode has likewise been improved 
in texture and particularly in fit- 
ting and finish of the joint. Carbon 
blocks are now available for use as 
refractories and linings, for electric 
furnaces and have a useful place in 
smelting furnaces for ferro-alloys, 
carbide, phosphates, ete. They are ob- 
tainable in many shapes at prices 
that are competitive considering their 
desirable quality. Fused mullite re- 
fractories promise to be used more 
extensively in are furnaces. Radical 
changes have been made in electric 
are furnace designs. Details of the 
development of the modern hot- 
charge furnace were discussed. The 
new “lift-swing-aside” roofs are very 
smooth and rapid in operation. Data 
for a 12-ton furnace were given. 

Stainless steel rolled products 
were disevssed by P. B. Greenawald, 
the Carpenter Steel Co., Reading, 
Pa. The commercial success of stain- 
less steel is due primarily to the elee- 
trie furnace and the ability to keep 
the carbon content of the alloy down 
to 0.10 per cent. The working of 
stainless steel was difficult at first 
but marked improvement in composi- 
tion and heat treatment have been 
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mace so that today the stainless steels 
are worked very much like carbon 
steels. The machining of stainless 
steels was likewise diffieult at first, 
but the addition of small percentages 
of sulphur or selenium to the alloy 
has solved the problem. The surface 
of stainless steel can be made mir- 
ror-bright, practically matching 
chromium plate. 

Some new developments in corro- 
sion resistant steel were discussed by 
George F. Landgraf of the Lebanon 
Steel Foundry, Lebanon, Pa. 

It has been found possible to make 
silver additions to the 18-8 steels suffi- 
ciently large to improve directly the 
pit corrosion resistance on the theory 
of the formation of the relatively in- 
soluble silver chloride. However, the 
silver does not actually form an 
alloy with the 18-8 but is held in sus- 
pension in minute, evenly dispersed 
particles throughout the molten alloy 
bath. One of the very real and at 
present definitely provable advan- 
tages of the silver inclusion is a tre- 
mendous increase in the machinabil- 
ity as well as the forgibility of the 
18-8 alloy to which the silver has been 
added. The author concludes that 
there are certain applications which 
this silver bearing material will sat- 
isfactorily fulfill that could not pre- 
viously be met with a comparable 
material. 


ELECTRODEPOSITION OF METALS 


The session concerned with the elee- 
trodeposition of metals was under the 
supervision of Dr. William Blum, 
National Bureau of Standards, Wash- 
ington, D. C. Developments in the 
commercial electrodeposition of c¢o- 
balt-nieke! alloys during the past two 
years were deseribed by Louis Weis- 
herg, chemical consultant of New 
York City. Improvement in method 
of removing impurities has made it 
possible to reduce the cobalt content 
of the deposit for some purposes, 
as low as 1 per cent. Substitution 
of nickel formate and formie acid 
for sodium formate and use of less 
ammonium sulphate have resulted in 
deposits that are more ductile and 
easier to buff than those formerly ob- 
tained. The excellent physical prop- 
erties of cobalt-nickel alloy deposits 
are brought out in striking fashion 
when thick deposits are applied. 
Smooth sound deposits can be pro- 
duced at unusually high current densi- 
ties and there have been some inter- 
esting applications based on this fact. 

The relative amount of stress in 
deposits of copper made at different 
temperatures and current densities 
was determined by the measurement 


of the elongation of the spots on a 
Debye-Scherrer transmission X-ray 
film relative to their width by Elbert 
M. Mahla of Lehigh University. 
Stress was plotted against current 
density and temperature in a 3-di- 
mensional diagram. In deposits made 
at low temperatures, temperature was 
shown to be a greater factor than cur- 
rent density in determining the stress, 
while at high temperatures current 
density was the principal factor. No 
direct relationship between hardness 
and stress were observed by the au- 
thor. 

The cathode and anode polarization 
values of copper in sodium cuprocy- 
anide solutions of various concen- 
trations have been determined by 
J. V. Petrocelli, the Patent Button 
Co., Waterbury, Conn. 

Single nickel deposition of copper, 
cadmium, zine and nickel from thio- 
sulphate solutions was the subject 
of a paper by D. C. Gernes of the 
Tennessee Valley Authority, Flor- 
ence, Ala., G. A. Lorenz, Shell Petro- 
leum Corp., Wood River, Ill., and 
G. H. Montillon, University of Min- 
nesota, Minneapolis. They presented 
results of an investigation to deter- 
mine the possibilities of thiosulphate 
baths for single metal deposition and 
to determine the behavior of these 
baths during deposition. It was be- 
lieved that the investigation of any 
complex salt which might be useful 
in deposition would be of both theo- 
retical and practical value in this 
field. 

Progress in electrolytic refining of 
metals with special reference to the 
last deeade was discussed by Max 
F. W. Heberlein of the U. S. Metals 
Refining Co., Carteret, N. J. The 
review indicates that throughout the 
world development work on copper 
and the precious metals have been 
predominating. This is partly due to 
the fact that these metals are econom- 
ically and commercially more impor- 
tant than others. On the other hand, 
the electrolytic method is the only 
efficient refining method for copper 
and the precious metals, whereas fire 
refining methods for other metals are 
more economical in many cases. 

Galvanic effects and other elec- 
trochemical phenomena were the 
subject of a session presided over by 
Dr. Hiram S. Lukens of the Univer- 
sity of Pennsylvania. Professor Fink 
of Columbia University and Johns- 
tone S. Mackay; now with Catalytic 
Development Co., Mareus Hook, Pa., 
described an investigation compris- 
ing a study of photocell materials. 
The principal development is a new 
photo element using bismuth sulphide 


as the photo active material. The 
characteristics of this cell was stud- 
ied and it was found that a labora- 
tory-preparéd bismuth sulphide cell 
has 80 per cent of its activity in the 
infra-red range of the spectrum, gives 
5 microamperes per lumen and has a 
threshhold wave length of approxi- 
mately 7.0 microns. The bismuth: sul- 
phide cell is applicable as the basis 
of temperature control in low tem- 
perature systems. 


OXIDATION AND REDUCTION 


The session on electrolytic oxida- 
tion and reduction was under the 
supervision of Dr. H. Jermain 
Creighton of Swarthmore College. 
Prof. Sherlock Swann, Jr., of the 
University of Illinois diseussed elee- 
troorganie chemical separations. This 
review was an extension of an earlier 
list of eleetroorganie syntheses which 
should be of value as methods of 
preparation to inelude literature pub- 
lished before January, 1940. 

The electrochemical oxidation of 
n-hexanol was the subject of a paper 
by William Robert Lowstuter and 
Prof. Alexander Lowy of the Univer- 
sity of Pittsburgh. n-Hexanol was 
oxidized electrochemically, giving n- 
eaproie acid and n-hexyl caproate. 
Besides these main products, smal] 
amounts of carbon dioxide, carbon 
monoxide and a high boiling residue 
were obtained. Hexaldehyde and de- 
eane were not found to be present in 
the products of the electrolysis. A 
study was made of the various fae- 
tors influencing the oxidation, such 
as anode material, temperature, cur- 
rent density, solvent and alcohol econ- 
centration of the anolyte for the elee- 
trolytic oxidation of n-hexanol. The 
best results were obtained under the 
following conditions: (a) 5 per cent 
sulphurie acid as electrolyte; (b) eur- 
rent density, 1.1 amp./dm.*; (¢) tem- 
perature, 12 deg. C.; (d) electroly- 
tically prepared lead dioxide anode; 
(e) anolyte concentration, 82 G. 
n-hexanol in 800 ee. of electrolyte; 
current efficiency, 59.9 per cent eal- 
culated only as oxidation to eaproic 
acid. 

A brief review of the various di- 
rections in which oxidation-reduction 
potential measurements have been ap- 
plied in recent years was given by 
Samuel Glasstone, Frick Chemical 
Laboratories, Princeton, N. J. Some 
measurements are of importance not 
only to the chemist, but also to the 
biologist. Among the applications 
diseussed by the author are potentio- 
metrie titrations, indicators for bi- 
ological reactions and _ irreversible 
potentials. 
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Machinery, Materials and Products 


Industrial Compressor 


Two NEw _ pressure-lubricated air 
compressors intended particularly for 
heavy duty industrial use have been 
announced by the Quincy Compressor 
Co., Quincy, Il. Model 244 is a duplex- 
cylinder, single-stage compressor with 
a maximum piston displacement of 45.7 
c.fi.m. Model 340 is a two-stage com- 
pressor having 40 c.f.m. maximum dis- 
placement. Lubrication in both types 
is furnished by a gear pump supplying 
oil to connecting rod bearings and 
pistons. Anti-friction main bearings 
are splash-lubricated. Deep vertical 
fins on the cylinders are provided for 
cooling in combination with a fly- 
wheel fan. A copper-finned intercooler 
is supplied with the two-stage model. 


Flange Jack 


AN ACCOMPANYING ILLUSTRATION 
shows the use of the new “Flange- 
Jacks” recently announced by the Gar- 
lock Packing Co., Palmyra, N. Y. This 


Two-stage pressure lubricated air 
compressor 


new tool, designed for replacing gaskets 
in flanged pipe lines, is said to elim- 
inate wedging and hammering of 
flanges as well as broken flanges and 
damaged flange faces. The jacks are 
used in pairs, the jaws being inserted 
in the flange holes and the flanges 
forced apart by tightening the pointed 
jack screws. Three sizes are available 
for flanges under 2 in., flanges from 2 


to 20 in. and flanges from 14 to 48 in. 


Tantalum Heater 


A RECENT ANNOUNCEMENT of the Fan- 
steel Metallurgical Corp., North Chi- 
cago, Ill., describes a new multiple- 
bayonet type heater for the evaporation 
of muriatie acid. The new heater em- 
ploys 19 tantalum bayonet heater ele- 
ments, similar to the single bayonet 
formerly available. Each tantalum 
tube contains a steel inner tube which 
conducts steam to the top of the heater. 
Steam and condensate flow downward, 
heating the inner surface of the tan- 
talum tube through which heat is 
transferred to the acid. The unit is 
designed to operate at 150 lb. steam 
pressure. Owing to the extremely 
high heat transfer obtainable through 
the thin-walled tantalum tubes, this 
small unit is capable of evaporating 5 
tons of muriatic acid per hour, ac- 
cording to the manufacturers. The 
unit shown was designed to be fitted 


Multiple-tube tantalum bayonet heater 
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into the bottom nozzle of a glass-lined 
evaporating vessel. Greater economy 
is claimed than with a conventional 
shell and tube heat exchange: 


Rotary Pump 


A NEW LINE of rotary pumps recently 
announced by the Geo. D. Roper Corp., 
Rockford, Ill., includes 16 different ca- 
pacities ranging from 1 to 1,000 g.p.m. 
at speeds up to 1,800 r.p.m. and against 
pressures up to 1,000 Ib. per sq.in. 
At present 2! different drives and 
mountings are available with arrange- 
ments for direct motor drive, gear re- 
duction, flat or V-belt drive. The line 
contains over 7,000 different units. An 
outstanding feature, according to the 
manufacturer, is the utilization of a 
means of obtaining hydraulic balance 
to equalize internal pressure at all 
points and absorb shock or thrust from 
the power end of the drive shaft. 
Spiral, spur or herringbone gears may 
be had, with various packing and seal 
methods, various types of bearings and 
eight different piping arrangements. 


Equipment Briefs 


A NEw electronic switch designed to 
prevent arcing and welding of con- 
tacts, for use with thermostats, limit 
switches and other devices requiring 
low contact pressure or limited move- 
ment, has been announced by the 
United Cinephone Corp., 43-37 Rawson 
St., Long Island City, N. Y., Through 
the use of a vacuum tube, the new 
switch requires only 1 micro amp. 
across the primary contacts, yet pro- 
vides a relay contact capacity of 3 amp. 
at 110 volts, a.c. This result is ob- 
tained through use of the valve action 
of the vacuum tube. 


For THE making of duplicate copies 
of line drawings in quantity, the A. B. 
Dick Co., Chicago, Ill., has _ intro- 
duced a new photo-chemical printer 
by means of which any opaque draw- 
ing on translucent cloth or paper can 
be transferred to a sensitized stencil 
sheet. The stencil is then developed 
and placed in a mimeograph duplicator 
for the making of accurate black and 
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white reproductions in quantity. The 
time from finished tracing to finished 
copy is said to be generally less than 
25 min. and the cost of materials for 
producing a stencil less than 25 cents 
on the average. 


A NEw epecial gage for oxygen serv- 
ice at high pressure has been an- 
nounced by the American Gauge Div., 
Manning, Maxwell & Moore, Ince., 
Bridgeport, Conn. Beryllium copper 
is used for the bourdon tube. The 
gage cover is of transparent plastic. 
Accuracy is guaranteed to be within 
one-half of 1 per cent. 


Warren LAmMp Co., Warren, Pa., has 
announced a new line of inside-silver- 
plated incandescent lamps sizes 
from 75 to 300 watts, for industrial 
use. Placing the reflecting surface in- 
side the glass bulb eliminates reflector 
maintenance as well as the use of 
separate reflectors. According to the 
manufacturer, the new lamps give 
double the light of a standard lamp 
of the same wattage, give greater 
light concentration through the use of 
a specially designed parabolic shaped 
bulb, and have longer life. 


Injection Molding Press 


AN IMPROVED hydraulic injection 
molding machine for plastics, designed 
for faster operation, increased capacity 
and economies in operation and main- 
tenance, has been announced under the 
designation of No. 8-A by the Watson- 
Stillman Co., Roselle, N. J. A dis- 
tinctive feature is the zone heat con- 
trol which is said to provide well- 
distributed heat, giving a _ greater 
plasticizing capacity to the heating cyl- 
inder. The exceptionally large opening 
between die plates allows for the ac- 
commodation of dies 6 in. thick, and 
more. Dies up to 125 sq.in. projected 
area can be accommodated. Two ma- 
terial cylinders are available for this 
machine, one injecting up to 6 oz. at 
50,000 lb. per sq.in. and the other up to 
8 oz. at 32,000 lb. per sq.in. Controls 
provide for full automatic, automatic 
and manual control. Working pressure 
is 2,050 Ib. per sq.in. 


Special Blender 


AN ACCOMPANYING VIEW shows a 
blender for viscous liquids which was 
recently designed with a number of 
unusual features by L. O. Koven & 
Bro., Jersey City, N. J. The blender 
is of stainless clad steel, motor driven 
and provided with a stainless steel 
double-spiral agitator. A pair of semi- 
circular racks are mounted on a super- 
structure on which barrels or drums 
ean be placed for drainage into the 
tank and rocked on wheels to remove 
all of the contents. This arrangement 
is stated to facilitate control of the 
rate of addition of the liquid being 
poured into the blender. This type of 
blender is also recommended by the 
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New model 8-A injecti 


Stainless steel blender 


manufacturer for the handling of 
syrups, emulsions, creams, pastes and 
for the mixing of dry or semi-wet 
solids with liquids. 


Proportioning Pumps 


Mopet SA is the designation of a 
new type of chemical proportioning 


pump which has recently been an- 
nounced by the Hills-McCanna Co., 
2349 Nelson St., Chicago, Ill. This 


pump, the smallest one produced by the 
company, has a number of novel fea- 
tures. The unit consists of two liquid 
cylinders, a drive mechanism, speed 
reducer, motor and base. The liquid 
ends incorporate a unique design of 
pump body and check valve in which 
both suction and discharge valves are 
incorporated in the one check valve 
body. The pump body is of the outside 
packed deep stuffing box type. Dis- 
charge adjustment is secured by oper- 
ating the plungers at constant speed 
and varying the stroke of each plunger 
individually as desired. 


Gas Absorber 


For THE HANDLING of a variety of 
gas absorbing problems, the Patterson 
Foundry & Machine Co., East Liver- 
pool, Ohio, has developed a new line 
of gas absorbers available in plain and 
stainless steel as well as in a variety of 
non-ferrous metals. The accompanying 
cutaway view indicates the construc- 
tion of a stainless steel absorber 3 ft. 
in diameter and 7 ft. high, designed 
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Miniature proportioning pump 


for 60 Ib. internal pressure and 100 Ib. 
jacket pressure, fitted with three 12-in. 
gas-absorber turbine agitators. 


“Valv-Amp” Rotor 


A NEW DEVELOPMENT in rotor con- 
struction is being employed by the 
General Electric Co., Schenectady, 
N. Y., in the manufacture of cast- 
aluminum rotors for the larger sizes 
of double-squirrel-cage motors for high- 
starting - torque, low - starting - current 
service. Called the “Valv-Amp” rotor, 
it makes use of a unique shape of 
rotor slot and a special method of 
assembling rotor punchings to control 
the flow of starting current. As a 
result, without the use of a switch or 
other moving parts, current is per- 
mitted to flow in the outer squirrel- 
cage when the motor is started, thus 
producing high starting torque. Then 
when the motor comes up to speed, 
current is allowed to flow through the 
entire assembly of rotor bars, result- 
ing in good running characteristics. 

It is claimed that previously it has 
not been practicable to cast double- 
squirrel-cage rotors in the larger sizes. 
The new development, therefore, for 
the first time in larger cast-rotor mo- 
tors, combines the advantages of the 
double-squirrel-cage construction with 
the simplicity of conventional cast- 
rotor design. 
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Welded Fittings 


NEW FABRICATED and welded fittings, 
made in copper and Everdur, in a wide 
range of sizes and types, have been 
announced by the American Brass Co., 
25 Broadway, New York, N. Y. The 
new fittings range in size from 8 to 24 
in. and are available in the form of 45- 
and 90-deg. elbows, reducers, straight 
tees, reduction-on-run tees, reduction- 
on-branch tees, crosses, laterals, flanges, 
and special fittings made to specifica- 
tion. Everdur fittings are said to offer 
tensile strength comparable to mild 
steel of the same gage. The new fit- 
tings are intended particularly for 
chemical plant, paper mill and _pe- 
troleum refinery use. 


Fluid Impact Mill 


A NEW TYPE of mill designed for dis- 
integrative treatment of all types of 
fluid mixtures has been announced by 
Asbury Research Developments, Wyn- 
cote, Pa. The new mill employs spe- 
cially designed rotors to produce im- 
pact by means of centrifugal force. 
These rotors, operated in successive 
stages, divide the liquid into a fine 
mist, the particles of which are driven 
by centrifugal action against impact 
rings designed to direct the fluid film 
so formed into the periphery of the 
succeeding rotor. Since mechanical 
contact does not take place, grinding 


Fluid impact mill 


Vernier control on P.I.V. Gear 


action is avoided and heating is said 
to be minimized. Without the use of 
cooling mechanism, it is claimed that 
no mixture yet processed in these mills 
has shown a temperature rise of more 
than 2 deg. C. during passage. Another 
consequence of the lack of frictional 
contact is that adjustments are un- 
necessary and the temperature of ma- 
terial processed is claimed to have no 
effect on the operation of the mill. 

Among the suggested applications 
are the production of emulsions of 
mineral and vegetable oils, asphalt 
emulsions, the dispersion of pigments, 
clays and fillers, the manufacture of 
paints, enamels and ink. Any material 
which will flow or can be pumped can 
be processed, according to the manu- 
facturers. 


Vernier Speed Control 


A RECENT ANNOUNCEMENT by the 
Link-Belt Co., 2045 West Hunting Park 
Ave., Philadelphia, Pa., describes a new 
vernier speed control for the Link-Belt 
P.I.V. Gear variable speed transmis- 
sion. This device is equipped with two 
hand-wheels, one for direct control and 
the other for vernier control, the lat- 
ter providing either 30 turns or 7} 
turns, depending on the fineness of 
adjustment required, for one turn of 
the direct wheel. The manufacturers 
recommend the new control for all ap- 
plications where particularly fine sen- 
sitivity is required, as in the syn- 
chronizing of speed of two machines, 
justifying for shrinkage in paper, con- 
trolling feeders and weighers, and sim- 
ilar applications. 


Air Eliminator 


A NEW automatie valve for the re- 
moval of air from steam-heated re- 
torts, paper machines, creosoting cyl- 
inders and on-and-off steam mains has 
been developed by the Armstrong Ma- 
chine Works, 858 Maple St., Three 
Rivers, Mich. The unit consists of a 
conventional diaphragm valve to which 
is added a dome-shaped inlet chamber 
containing a bellows thermal expan- 
sion unit operating a needle valve. This 
valve acts as a pilot to admit pressure 
to the top of the diaphragm. The 
diaphragm is vented when the pilot 
valve is closed. 

When air enters the inlet the thermal 
element cools, and opens the needle 


Cam actuated switch 
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valve, in turn applying pressure to 
the diaphragm, opening the main valve 
and permitting the air to escape. When 
steam enters the valve, however, the 
pilot and in turn the main valve 
closes. A wide range of sensitivity 
adjustment is provided. 


New Micro Switches 


Micro Swircn Corp., Freeport, IIL, 
announces the development of two new 
Micro switches for ratings up to 4 hp. 
and voltages up to 460 a.c. One type 
is a water-, oil- and dust-tight con- 
struction, employing a die-cast metal 
housing and a molded neoprene seal 
surrounding the plunger mechanism. 
The other type, designated as LK-2, 
is a precision limit switch for actua- 
tion by rotating or sliding cams, hav- 
ing roller actuator § adjustable 
through an are of 225 deg. This new 
switch has a movement differential at 
the roller of 0.002 in., a pretravel of 
1 deg., an over-travel of 20 deg. and 
an operating pressure of less than 
1.8 Ib. 


Braidless Insulated Wire 


A NEW DESIGN of rubber-insulated 
cable protected with a bonded sheath 
made of neoprene has been announced 
under the name of Okoprene by the 
Okonite Co., Passaic, N. J. A feature 
of the new construction is that braids 
and saturants are not used in the cover. 
The new sheath is claimed to seal the 
insulation from air and light and pre- 
vent deterioration of the rubber. Such 
cables are said to resist moisture, oils 
and chemicals and also to be flame- 
resistant. In the case of high voltage 
cables, the Okoprene cover has the 
additional advantages of being unaf- 
fected by ozone and of having a high 
surface resistance lessening the danger 
of damage from static discharge. The 
new construction is recommended by 
the manufacturer for voltages up to 
5,000, for practically all locations 
where ordinary rubber-covered wire has 
previously been installed. 


Refrigeration Compressor 


THROUGH ITs Carbondale Division, 
Worthington Pump & Machinery Corp., 
Harrison, N. J., is offering a new eight- 
evlinder, V-type refrigeration compres- 
sor available in capacities from 75 to 
125 tons for single units, and up to 
250 tons with duplex arrangement. 
The new compressors are intended for 
use with Freon-12. Important features 
include sturdy construction, light 
weight and compactness, providing 
large capacity where headroom is 
limited. Either V-belt or direct mo- 
tor drive can be used with either a 
horizontal shell-and-tube condenser 
mounted on the unit, or without the 
condenser for using this company’s 
shower type condenser. Air condition- 
ing of medium large buildings is the 
recommended field of the compressor. 
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BUREAU OF LABOR DEVISES NEW 
PRICE INDEX FOR CHEMICALS 


After several years of intermittent 
effort the Bureau of Labor Statistics 
has evolved a new chemical price in- 
dex. The new index is based on quo- 
tations for a list of commodities which 
was selected with the assistance of 
Manufacturing Chemists Association. 
The result appears to be a great im- 
provement over any previous Govern- 
ment effort. In order to make the new 
figures significant, the Bureau of Labor 
Statistics has recalculated monthly in 
dexes back to the beginning of 1933, 
using standard quotations for the new 
commodities list. And annual averages 
are available as far back as 1926 which 
is the year used as a base for the 
index. 

Those requiring further details re- 
garding the formulation of the index 
and the old price calculations should 
request a copy of the March, 1940 is- 
sue of “Average Wholesale Prices and 
Index Numbers of Individual Commodi- 
ties,” as issued by the Bureau of Labor 
Statistics in Washington. 

In making up this chemical price in- 
dex the Bureau has segregated in other 
groups comparable data on drugs and 
pharmaceuticals, fertilizer materials, 
mixed fertilizers, and oils and fats. 
Then a general composite is made 
called “Chemicals and Allied Products” 
from these four and the chemicals index. 


MANUFACTURING CHEMISTS WILL 
MEET AT SKYTOP 


The sixty-eighth annual meeting of 
the Manufacturing Chemists’ Associa- 
tion will be held at Skytop Lodge, 
Skytop, Pa., on June 6 and 7. The 
business session will open at 10 o’clock 
on the morning of June 6 with Lam- 
mot du Pont, president of the Associa- 
tion, in charge. J. Anton de Haas, 
Professor of International Relation- 
Harvard Graduate School of 
Business Administration will address 
the members on the subject “The Prob- 
lems of Beonomic Adjustment from the 
European War.” Thomas, 
president of the Chrysler Engineering 
Corp., will discuss the contributions of 
industry to the development of modern 
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civilization, taking as his subject “Cul- 
ture and the Market Place.” 

As has been the case in recent years, 
the Manufacturing Chemists’ Associa- 
tion will act as host to the members of 
the Synthetic Organic Chemical Manu- 
facturers Association at the union din- 
ner which will be held on the evening 
of June 6. The guest and speaker at 
the dinner will be Harold G. Moulton, 
president of Brookings Institution who 
will take as his topic “Is Further Cap- 
ital Expansion Possible?” 


ARMOUR INSTITUTE WILL GIVE 
SUMMER GRADUATE COURSES 


Armour Institute of Technology, Chi- 
cago, will conduct a three-term Sum- 
mer Graduate Institute for engineers, 
professional men, industrials, and edu- 
eators in engineering and science be- 
ginning next summer. The first term 
will extend from June 17 to July 13; 
the second term from July 15 to Aug. 
10; and the third from Aug. 12 to 
Sept. 7. 

The chemical engineering and chemis- 
try division for the first term will be 
given over to chemical engineering 
thermodynamics under the direction of 
Barnett F. Dodge, professor of chemi- 
cal engineering and chairman of the 
chemical engineering department of 
Yale University, and to general cataly- 
sis under the direction of Vasili I. 
Komarewsky, research professor of 
chemistry at Armour Institute of Tech- 
nology. The program for the second 
term includes interpretation of chemi- 
cal engineering data under the guid- 
ance of C. C. Furnas, associate pro- 
fessor of chemical engineering at Yale, 
and industrial catalysis with J. C. Mor- 
rell, associate director of research, Uni- 
versal Oil Products Co., as the lecturer. 
The third and final term will be de- 
voted to advanced chemical engineering 
plant design directed by Frank C. Vil- 
brandt, head of the department of 
chemical engineering at Virginia Poly- 
technic Institute, and to designing 
equipment for applications of chemical 
engineering with Harry McCormack, 
professor of chemical engineering at 
Armour in charge. 


POWER SHOW SCHEDULED FOR FIRST 
WEEK OF DECEMBER 


The 14th National Exposition of 
Power & Mechanical Engineering has 
recently been announced for Dec. 2-7, 
at Grand Central Palace, New York. 
Better known as the National Power 
Show, this biennial exposition brings 
together the product displays of over 
300 leading manufacturers serving the 
power field, and is widely attended by 
power engineers, operating men and 
executives. 


FRICTION WILL BE DISCUSSED AT 
M.LT. CONFERENCE 


Engineers, oil technologists, and 
manufacturers from many fields will 
hold a conference at the Massachusetts 
Institute of Technology on June 5-7, 


with friction and surface finish as the 


main topic to be discussed. At the 
morning session on June 5, Prof. 
Jerome €. Hunsaker of M.L.T. will 
preside and the afternoon meeting will 
be in charge of D. A. Wallace of the 
Chrysler Corp. The sessions on June 6 
will be directed by M. Olley of Rolls 
Royce, Inc. and Haakon Styri of S.K.F. 
Laboratories. Discussion on the final 
day will be opened by L. M. Tich- 
vinsky of the Westinghouse Research 
Laboratories and H. G. Mougey of Gen- 
eral Motors Research Laboratories will 
act as chairman. 


ATLANTIC REFINING CO. HONORED 
ON 70TH BIRTHDAY 


At the Franklin Institute in Phila- 
delphia, nearly 400 oil men, chemical 
engineers, and editors gathered on 
April 29 to pay tribute to the Atlantic 
Refining Co. for 70 years of pioneer 
work in petroleum research. Mr. Rob- 
ert H. Colley, president of that com- 
pany, accepted from Dr. Henry Butler 
Allen, secretary and director of the 
Institute, a citation setting forth out- 
standing accomplishments of the com- 
pany. Some of these were pioneer work 
in the following fields: tower stills, 
modern pipe stills, solvent extraction 
and thermal production of motor fuels. 

Results of Atlantic’s most recent re- 
search project, the Florida Road Test, 
were disclosed by Dr. T. G. Delbridge. 
manager of the research and develop- 
ment division, in his address “Dollars 
and Miles.” With colored movies and 
slides he gave evidence to support his 
startling contention that 1940 low- 
priced automobiles can travel as many 
miles per gallon at 100,000 miles as at 
10,000 miles with modern gasoline. 
Other equally surprising results of the 
company’s 4-month road tests were de- 
scribed. 

Thomas A. Boyd, director of fuel 
laboratories, General Motors Corp., also 
took part in the celebration. In his 
talk “Carriages Without Horses Shall 
Go,” he outlined the rise of the petro- 
leum industry during the past 70 years 
and pointed out the parallel rise in 
the automobile industry. Stressing in- 
ter-dependence of these two industries 
he said, “From the place they occupy 
in his budget the automobile user has 
about the same interest in gasoline and 
oil as in the car itself. This is so be- 
cause during the lifetime of his car he 
pays just about as much for the gaso- 
line and oil he buys as he did for the 
ear in the first place.” Mr. Boyd further 
pointed out that the number of re- 
search workers in the petroleum indus- 
try had increased from 150 in 1920 to 
5,000 in 1938; the money spent for 
research from $500,000 to $20,000,000 
in the same period. Gasoline yields 
from crude oil have risen from 25 to 
45 per cent. Retail prices have dropped 
from 32 to 15 cents per gallon (ex- 
tax). 

Philip C. Staples, president of The 
Franklin Institute and of the Bell 
Telephone Co. of Pennsylvania, pre- 
sided. 
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| capa industry is not only en- 
meshed in domestic politics of 
Washington, but is also seriously con- 
cerned with international policy and 
plans of the Capital City. The chemi- 
cal engineer, willingly or otherwise, 
must therefore now make decisions 
that should be purely economic or tech- 
nologic, while he has at all times an 
eye on these political and international 
factors. There seems to be no escape 
from this unfortunate fact. 

Since 1940 is a Presidential election 
year, the complications are aggravated. 
And the threat of a third-term move- 
ment prevailing at the Democratic 
convention does not in any sense sim- 
plify the problems. Industry execu- 
tives and engineers must realize that 
under such circumstances there is no 
ground for expecting reasoned and fact- 
founded decisions by either the execu- 
tive departments or the members of 
Congress. 


Food and Drug Moves 


In the fourth Executive Order con- 
templating reorganization of the gov- 
ernment services, the President trans- 
ferred Food and Drug Administration 
from the Department of Agriculture to 
become an independent bureau in Fed- 
eral Security Agency. All of the per- 
sonnel, appropriations, problems, rec- 
ords, and authority of F. & D. A. go 
together. The authority formerly ex- 
ercised by the Secretary of Agricul- 
ture will be held by the Administrator 
of F.S.A. when the transfer has been 
perfected. 

Under the law this transfer cannot 
tuke effect until after notice is before 
Congress for sixty days, which period 
expires June 11. This provision gives 
Congress opportunity to veto the pro- 
posed changes by enactment of an ap- 
propriate bill. Although there has been 
some criticism of the transfer of aero- 
nautic activities from C.A.A. as an 
independent agency to the Department 
of Commerce, there seems little likeli- 
hood that any of the changes suggested 
by the President will be vetoed by 
Congress. 

So far as the transfer of Food and 
Drug activities is concerned, the chem- 
ical industry probably will be very lit- 
tle affected. As one Washington ob- 
server put it, the change does not 
mean any more than the naming of a 
new Secretary of Agriculture might 
have meant. 


New Far East Problem 


No one knows how far Uncle Sam 
could be dragged into a controversy 
with Japan over Netherland Indies 
questions. But the statement by Sec- 
retary Hull, promptly confirmed by 
the President, made a point which 
lapan will recognize clearly. This 
country will not hesitate to use all of 
its economic force if necessary to pro- 
‘ect these Dutch possessions from Jap- 
nese interference if Holland should 
-uffer military difficulty at home and 
'e unable to defend its colonies. 

Numerous units of process industry 
re deeply concerned with this situa- 


NEWS FROM 
WASHINGTON 


Washington News Bureau 
McGraw-Hill Publishing Co. 
Paul Wooton, Chief 


tion. That colonial area is one of the 
world’s major sources of rubber and 
tin. Very important exports of min- 
erals come from that area also, in- 
cluding bauxite, monazite, and some of 
the minor strategic minerals. It would 
be a very great burden on many units 
of industry in the United States if 


Japan should undertake to exploit those 


resources either by raising the price 
to American processors or by trying to 
do the processing in the Orient and 
thus cutting off present manufacturing 
opportunities. 

Naval gestures may be made, but 
Washington does not expect a real mili- 
tary movement even if the worst comes 
to pass. Commercial interpreters do 
not think force would be necessary. 
The United States still has a long 
leverage in trade relations with the 
Mikado’s subjects. Even the military 
clique would probably not wish to 
venture the full threat of economic 
strangulation that the United States 
could exert on raw materials or other 
business factors of Japan. Fear of that 
effort will probably deter any over- 
ambitious Japanese from _ reaching 
greedily for the Dutch colonies under 
present circumstances. But forecast- 
ing on this subject must be limited 
to the near future. 

Secondary effects of elaborate change 
in the balance of power in Europe might 
produce strange results. Meantime, 
Washington is pleased to know that 
synthetic rubber of various types is 
being commercially developed in the 
United States. And many official ob- 
servers ask, “Why can’t we do without 
much of the present tin by substitut- 
ing laequer or other chemical equiva- 
lents?” 


News “Fines” 


More Trade Pacts—Perhaps the most 
significant feature of the legislative 
battle which extended the authority for 
trade agreement negotiation another 
three years is the outside interpreta- 
tion given. Responsible interpreters 
claim that the President had to “buy 
two Senators.” That such a charge is 
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openly made without stirring prompt 
refutation, fairly well pictures the low 
level to which Washington seems to 
have sunk lately. 

Mines Bureau Changes—Dr. R. R. 
Sayers, of the Public Health Service, 
has been named as Acting Director of 
the Bureau of Mines. For fifteen 
yeirs he was chief of the health and 
safety work of that Bureau, but more 
recently has been active in P.H.S. work. 
Several groups of chemical industry are 
well acquainted with Dr. Sayers because 
of his important participation in vol- 
untary agreements regarding methanol 
marketing, ethyl-fluid manufacturing 
precautions, and other similar indus- 
trial safety efforts. 

James W. Furness, who has been 
chief of the Economics Branch, has 
found it necessary to retire from his 
post because of health disability. J. H. 
Hedges, who was formerly assistant 
director, has been transferred to a 
minor mining engineering post at Col- 
lege Park, Maryland. It is not antici- 
pated that Dr. Sayers as acting direc- 
tor will soon name permanent succes- 
sors for either of these two high posts 
within the Bureau. 

New Truck Rules—- The Interstate 
Commerce Commission has promulgated 
new regulations governing transporta- 
tion of explosives and other danger- 
ous articles by motor vehicle. These 
are similar to, though not identical 
with, regulations for the transporta- 
tion of these materials by rail. Those 
interested in obtaining a set of these 
motor carrier safety regulations will 
find them printed in full in the Fed- 
eral Register of April 23. They apply 
to both common carrier and eontract 
carrier whenever “engaged in the trans- 
portation in interstate or foreign com- 
merce of any explosive or other dan- 
gerous article in or on any motor ve- 
hicle.” 

Fertilizer Materials — Washington 
hears generally from the fertilizer in- 
dustry that there is no shortage of 
any important fertilizer chemicals. 
Even potassium sulphate is reaching 
the industry in adequate quantities 
for all formulas that really require 
that component. A few mixers in 
Eastern and New England states are 
substituting other potash compounds, 
especially where the material is mar- 
keted for other crops than tobacco. 
There is a little uneasiness that early 
next Fall there again may be minor 
shortages of this material as there 
will then be no large reserve stocks 
on hand as there were at the outbreak 
of the European conflict last Septem- 
ber. But production plans are being 
made which will make the shortage a 
minor, rather than a major, difficulty, 
producers confidently forecast. 

Legislation—Congress is struggling 
mightily to finish enactment of the 
railway legislation, long in conference; 
and there is some chance that stream 
pollution control under Public Health 
Service may also be provided. The 
President and Congressional leaders 
are struggling to get Congress out of 
Washington very early in June so that 
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the Chief Executive can make a trans- 
continental speaking tour while the 
Republican convention is on at Phila- 
delphia. This makes it smart politics 
for Republicans and anti-third-termers 
to adopt dilatory tactics. Many folks 
think that adjournment just before 
the Republican convention is the earli- 
est that can be expected. 

Walter-Logan Bill—Even the most 
optimistic conservatives were amazed 
that the House passed the Walter- 
Logan bill by a vote of 3 to 1, rauch 
more than enough to override a Presi- 
dential veto, which some say would 
meet this measure at the White House. 
The Senate is much less enthusiastic 
for the idea of offering opportunity for 
court review of all executive agency 
proceedings. But they hold their noses 
just as tight as do House members 
when they get near the N.L.R.B. mess. 
The President’s strength in the Senate 
appears to be sufficient to prevent over- 
riding a veto, or perhaps enough to 
prevent this bill from coming up for 
a vote at all. 

Washington expects that in 1941 
some such measure will be enacted be- 
cause Congress feels that under Su- 
preme Court decisions of recent date 
there is real need of opportunity for 
aggrieved persons to get into the 
courts. The decision last week that 
the courts cannot review findings of 
N.L.R.B., whether capricious, unreason- 
able, or founded on fact, strongly im- 
presses even the progressive members 
of Congress. 


A.1.Ch.E, MAKES AWARDS IN STUDENT 
PROBLEM CONTEST 


Howard Campbell, senior chemical 
engineering student at MeGill Uni- 
versity, Montreal, was the recipient 
of the A. MeLaren White Award of 
$100 at the 32nd semi-annual meeting 
of the American Institute of Chemical 
Engineers in Buffalo on May 13. In 
presenting the award Dean Webster N. 
Jones, president of the Institute, stated 
that it is made annually to the student 
submitting the most satisfactory solu- 
tion to a chemical engineering problem 
prepared by an Institute committee. 

Second and third prizes of $50 and 
$25 respectively went to Wilmer L. 
Kranich of the University of Pennsyl- 
vania and Leroy N. Chellis of Clarkson 
College, Potsdam, N. Y. O. R. Me- 
Intire of the University of Kansas 
was awarded honorable mention and a 
$10 prize. 

McGill, the only University outside 
the United States to have a student 
chapter of A.LCh.E., produced a con- 
test winner for the first time in the 
nine years since the origin of the 
award. This year there were, ac- 
cording to Dean Jones, 56 solutions 
submitted to the judges from 34 of the 
Institute’s 69 student chapters—an all 
time high. Several hundred students 
worked on the problem but failed to 
submit acceptable solutions. 

Administration of the problem con- 
test is conducted by the Institute 
through its Committee on Student 
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Chapters. This year the problem was 
prepared and judged by a_ sub-com- 
mittee headed by Dr. William T. 
Nichols, director of research, Westvaco 


Chlorine Products Corp., South 
Charleston, W. Va. The problem in- 
volved the design of a plant for ex- 
traction and distillation of acetic acid. 


CHEMICALS AND EQUIPMENT WILL 
BE EXHIBITED AT BRESLAU 


A Congress-Show on “Materials and 
Chemistry” will be held on the oe- 
casion of the National Meeting of the 
German Chemists by the DECHEMA, 
German Association of Chemical Equip- 
ment Manufacturers, of the National 
Socialist Alliance of German Engi- 
neering from July 28 to August 4, 
1940 in Breslau in the Exhibition build- 
ings in that city. 

The aim of the Congress-Show is to 
display the numerous materials for the 
chemical engineering equipment indus- 
try, particular consideration being 
given to recently developed materials 
and to promote systematic united work 
in this field and all questions con- 
nected therewith, such as selection, ap- 
plication, treating and testing. At 
the same time there will be shown 
chemical and scientific apparatus and 
instruments which are new in im- 
portance, 


RECORD SHIPMENTS OF ALUMINUM 
SALTS LAST YEAR 


Domestic shipments of aluminum 
salts last year exceeded those for the 
previous peak year of 1937 by 6 per 
cent according to figures issued by the 
Bureau of Mines. The tonnage shipped 
was reported at 494,032 tons with a 
value of $11,813,299 which compares 
with 412,905 tons and a value of $10,- 
197,354 for 1938, hence the gain over 
1938 was 20 per cent in quantity and 
16 per cent in value. Aluminum sul- 
phate accounted for the greater part of 
the shipments with 443,029 tons pass- 
ing to consumers which necessitated a 
drawing upon stocks as total produc- 
tion for the year was but 438,692 tons. 
As there were but two producers of 
soda alum, data for that product have 
been combined with that for sodium 
aluminate with shipment’ reported at 
24,153 tons for 1938 and 31,252 tons 
for 1939. All the other products 
enumerated, including ammonia and 
potash alum and aluminum chloride, 
were shipped in larger volume last 
year. 


COMMERCE DEPARTMENT SUBMITS 
CHANGES FOR POTASH INDUSTRY 


The Department of Commerce after 
several months of study of the potash 
industry, undertaken at the request of 
the anti-trust division of the Depart- 
ment of Justice, has submitted its re- 
port which recommends three major 
changes in the present conduct of this 
business: 

Establishment of a price differential 
of approximately $7 per ton between 
the price at Carlsbad, N. M., one of 
the two important sources of domestic 
production, and the price at the sea- 
board. At the present time, prices at 
Carlsbad and at the seaboard are iden- 
tical. 

Establishment of a multiple discount 
system, in place of the present single 
discount, to encourage purchase of 
potash by fertilizer mixers in advance 
of their requirements, smooth the rate 
of delivery to mixers and discourage 
cancellation. 

Modification of sales policy so as to 
permit consumers to purchase direct 
from producers in carload lots for their 
own use at regular quoted prices with 
the usual discount. 


ELECTROCHEMISTS WILL HEAR 
DR. NORTON AT WORLD'S FAIR 


Dr. Francis J. Norton, prominent 
research chemist and physicist, will be 
the chief speaker May 25 at “Electro- 
chemical Society Day” at the World’s 
Fair of 1940 in New York. More than 
1,000 members and guests of the metro- 
politan section of the Electrochemical 
Society will attend a luncheon and 
special program at the Gas Exhibits 
building. Dr. Norton of the General 
Electric Research Laboratory, Schenec- 
tady, will discuss “Polarized Light and 
the Electrical Properties of Colloids”, 
presenting new facts discovered re- 
garding clay in the colloidal form. 
These new phenomena will be spectacu- 
larly demonstrated by the use of polar- 
ized light. 


POTASH COMPANY OF AMERICA TO 
PRODUCE CAUSTIC AND CHLORATE 


Potash Company of America, with 
executive offices, mines and refinery at 
Carlsbad, N. Mex., and general sales 
offices in Baltimore, has completed ar- 
rangements for the production of po- 
tassium chlorate and potassium hy- 
droxide. 


Shipments of Aluminum Salts 


Tons 
Alum 
Ammonia 4,079 
Potash 2,085 
Aluminum chloride 
Liquid 2,174 
Crystal and 
Anhydrous 6,166 
Aluminum sulphate 
Commercial 
General 349,051 
Municipal 10,689 
Iron free 14,508 


Sodium aluminum 
sulphate and 
sodium aluminate 24,153 


1939 

Value Tons Value 
$218,019 5,570 $294,866 

121,174 2,709 156,358 

99,208 3,121 136,792 

521,492 8,351 830,347 
7,345,471 408,324 8,031,897 

161,160 11,010 166,590 

417,446 23,695 587,573 


1,313,384 31,252 1,608,876 
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The 1940 edition of the Monsanto Prod- 
uct List is available to all members of 
the chemical process industries. The prod- 
ucts listed to the right are only a few of 
the Monsanto Chemicals described in this 
new booklet, copy of which will be sent 
on request. Address your inquiries to any 
Monsanto office. MONSANTO CHEMICAL 
ComPANy, St. Louis, U.S. A. District 
Offices: New York, Chicago, Boston, Detroit, 
Charlotte, Birmingham, Los Angeles, San 


Francisco, Montreal, London. 


YOUR COPY! 


New Monsanto Product 
Booklet lists over 


300 Chemicals 
for American Industry 


Monsanto Products for the Chemical Process Industries 


Acetic Acid 
Aicohol 
Aluminum Sulfate 
Ammonia, Aqua 
Amy! Acetate 
ortho-A nisidine 
Buty! Acetate 
Calcium Pyrophosphate 
Caustic Soda 
Chlorine 
meta-Cresol 
ortho-Cresol 
para-Cresol 
Cresylic Acid 
Diacetone Alcohol 
Dinitrochlorb 

Ethyl Acetate 
Mersol (Solvent) 


Methy! Salicylate 
Mixed Acid 

Monochl 

Monsanto Salt 

Muriatic Acid 

Nitric Acid 
ortho-Nitroaniline 
para-Nitroaniline 
ortho-Nitroanisole 
Nitrocellulose Solution 
ortho-Nitrochlorbenzene 
para-Nitrochlorbenzene 
para-Phenetidin 

Phenol 

Phosphoric Acid 
Phosphorus Oxychloride 
Phosphorus Trichloride 
Phthalic Anhydride 


Piperidine 
Pyridine 
Salicylic Acid 
Salicylic Acid (Technical) 
Selt Cake 
Sedium Aluminate 
Sodium Bisulfite 
Sodium Pyrophosphate 
(Tetra) 
Sodium Sulfite 
Solvents 
Sulfuric Acid 
Sulfury! Chloride 
Tricresy! Phosphate 
T 
para-Toluenesulfone 
Chloride 
Wetting Agents 
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HAVE YOU A 
ROASTING, CALCINING OR 
DRYING PROBLEM? 


If so investigate the econom- 
ical operation of NICHOLS 
HERRESHOFF MULTIPLE 
HEARTH FURNACES in the 
roasting, drying and calcin- 
ing of many concentrates, 
sludges, salts, diatomaceous 
earth, pigments, etc. 


Thousands of installations 
in process and industrial 
plants all over the world are 
daily proving the efficiency, 
economy and adaptability 
of these furnaces. 


NICHOLS HERRESHOFF 
SPLIT TYPE 
LABORATORY FURNACES 


Designed particularly for ex- 
perimental 

work in chem- 
ical and met- 
allurgical lab- 
oratories. Also 
used in com- 
mercial plant 
production 
where limited 
quantities of 
materials are 


treated. 
Various Horreshor 
sizesareavaile 


able for prompt shipment. 
Write for details. 


ENGINEERING & 


RESEARCH CORP. 


60 Wall Tower, New York, N. Y. 
University Tower Bidg., Montreal 
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ABILITY OF GERMANY TO SECURE IRON ORE HAS 
ECONOMIC AND MILITARY IMPORTANCE 


From Our German Correspondent 


Ms discussed are the relative as- 
sets and liabilities for the German 
Reich in case of successful German oc- 
cupation of Scandinavia. In the eco- 
nomic sphere the acquisition of addi- 
tional Scandinavian food resources is 
counterbalanced by the necessity of pro- 
viding other food and fodder imports 
to keep Scandinavian economy on an 
even keel. 

Although military factors were ap- 
parently more important than eco- 
nomic, Swedish iron ore, some of which 
is exported by way of Norway in winter 
months when Swedish ports are ice- 
bound, undoubtedly is an important 
consideration. With ore 
supplies from France and northern 
Africa cut off, and those from Spain, 
Luxembourg, Jugoslavia, and Greece 
becoming more uncertain, the Swedish 
ores figure prominently in the Reich’s 
industrial plans. In 1938 Sweden 
and Norway supplied 10 million tons, 
or one-half of Germany’s ore imports. 
Even if the Atlantic Norwegian iron ore 
port of Narvik comes into complete 
British control, there is still an al- 
ternative rail route open to the Reich 
from Sweden by way of Denmark, as 
well as the Baltic Sea route from the 
Swedish port of Lulea on the Gulf of 
Bothnia. 

Germany has been using about 33 
million tons of ore annually, of which 
only 11 million tons were supplied do- 
mestically in 1938. This German ore, 
however, averaged less than half the 
iron content of the Swedish ore, which 
runs 65 to 70 per cent. The use of 
scrap iron explains the difference be- 
tween the Reich’s steel ingot production 
figures of 23.3 million tons and the pig 
iron output of only 18.5 million tons in 
1938. A reserve of scrap iron of 10 
million tons is considered to be avail- 
able in the Reich in the form of old 
iron, steel rails, old railroad engines, 
ete. It is also estimated that in spite 
of the increased demand for war ma- 
terials, domestic iron requirements 
could be reduced by as much as 30 per 
cent as in the World War. Such a re- 
duction would be facilitated by the fact 
that light metals, plastics, glass, ete. 
have been used in the past few years 
to replace iron and steel wherever pos- 
sible. Some experts feel that even if 
Germany were completely cut off from 
Scandinavian ores, she could still carry 
on the war. 

In addition to the domestic ores be- 
ing mined in the Old Reich and Austria, 
Germany is planning exploitation of de- 
posits in Polish Upper Silesia and in 
Bohemia-Moravia. These are relatively 
small deposits of low grade ores, vary- 
ing in iron centent from 20 to 40 per 
cent. Some of the mines had been 
abandoned in past years because of 
high production costs. In fact, the 
early reluctance of large concerns to 
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develop low grade domestic ores was 
largely due to fears that such plants 
would be an economic loss and would 
probably be abandoned when norma! 
trade relations are restored again. In 
the meantime, the Reich-operated Her- 
mann Goering works are claiming that 
the cost of producing from domestic 
ore one ton of Thomas pig iron can be 
reduced to 52 RM and that of one ton 
of rolled iron to 85 RM. This would 
compare favorably with the costs of one 
Ruhr plant which calculated 42 RM per 
ton in 1936 and 50 RM per ton in July, 
1939 to produce iron from imported 
ores. 

Active in the utilization of domestic 
ores is the Vereinigte Stahlwerke in 
Diisseldorf, which has recently received 
considerable publicity abroad due to 
the confiscation of the properties of 
the leading stockholder Fritz Thyssen. 
As Germany’s largest coal and iron con 
cern and in number of employees 
Europe’s largest industrial enterprise, 
Vereinigte Stahlwerke’s recently pub- 
lished balance sheet is of interest; 202 
million RM were paid out in taxes alone 
last year. This represented the equiva- 
lent of 44 per cent of the capital stock. 
The concern nevertheless paid a 6 per 
cent dividend. Although balance sheets 
have never given much clue to any 
German concern’s operations, it ap 
pears, as was expected, that the proc- 
essing branches of the Vereinigte Stahl- 
werke proved more profitable than the 
coal and iron producing divisions last 
year. 

The effect of the war on the automo- 
bile industry, with overseas markets cut 
off and domestic automobile traffic cur 
tailed in order to save motor fuel has 
been reflected in several reorganizations 
and changes in models. At the Vienna 
spring trade fair, new cars exhibited 
all stressed smaller cylinder capacities. 
Generally, few changes were made as 
compared with last year’s models. The 
Ford V-8, for example, which is manu- 
factured in the German plant at Col- 
ogne, exhibited more or less the same 
models, but cut down the motor from 
a 3.6 liter capacity to 2.2 liters. The 
Austrian firm Steyr-Daimler-Puch and 
the automobile division of the Czech 
Skoda works exhibited jointly, since 
the two firms have now merged their 
sales organizations. The number of 
models shown was greatly reduced in 
line with the general policy of cutting 
down the number of types of cars to 
effect manufacturing efficiencies and to 
save raw materials. A novelty at the 
Vienna fair was a Hans Trippel com- 
bination land and water automobile. 
The car, which looks a great deal like 
the German racing cars, is claimed to 
run 65 miles per hour on land, to be 
able to climb 70 per cent grades, and 
to be able to make good speed in water 
with the aid of a triple bladed pro 
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peller. Its four-cylinder engine has a 
2 liter cylinder capacity and develops 
46 hp. at 4,000 revolutions. 

The degree of motorization in Ger- 
many is still relatively low, however, 
when it is realized that in the five 
vears from 1933 to 1938 the number 
of motor vehicles increased by only one 
and a half million, which was double 
the number in use in 1933. The auto- 
mobile has lagged behind the train 
and ship as a commercial carrier in 
Kurope in the past, due to lack of 
adequate roads, because of the rela- 
tively shorter distances to be traveled, 
und partly because of the high cost 
of motor fuels and taxes on automo- 
biles. Partly for strategic reasons and 
partly to connect industrial areas with 
the rest of the Reich, construction of 
the new express highways has been 
pushed in recent years so that more 
than 2,000 miles of these new roads 
are now in use. 

With the death of Dr. Carl Bosch, 
head of I. G. Farben, on April 26 at 
the age of 65 in Heidelberg, Germany 
lost its leading figure in the chemical 
industry. Professor Bosch, who was 
awarded the Nobel prize for chemistry 
in 1931 is best known for his work in 
developing synthetic gasoline, syn- 
thetic ammonia, and other substitute 
products. His encouragement of re- 
search and commercial application of 
new processes have been largely re- 
sponsible for building up I. G. Farben- 
industrie’s worldwide reputation. 

Dr. Bosch was also president of the 
Kaiser Wilhelm Society for the Pro- 
motion of Science. Established in 191] 
by Emperor Wilhelm to correlate the 
study of natural sciences, at present 
the Society maintains 36 institutions 
with a staff of about 2,000, of whom 
$11 are scientists. These institutes, lo- 
cated in different parts of Germany and 
Austria (the Research Station for Mi- 
crobiology, working on leprosy, is lo- 
cated in Sao Paolo, Brazil), are di- 
vided into three main groups, the first 
covering physics and chemistry and 
their technical applications, the sec 
ond biology and medicine, and the 
third the moral sciences. The Society 
sponsored 1133 scientific publications 
last year, maintains close contact with 
foreign scientific institutes, and en- 
courages foreign scientists to study in 
Germany, and provides a central club 
building in the Harnack House at Ber- 
lin-Dahlem. In this connection it is of 
interest that of the 2,000 foreign stu- 
dents enrolled at the 24 German col 
leges and universities open during the 
Witter semester 1939-40, 529 studied 
at the Institute of Technology at Berlin 
Charlottenburg. The majority of these 
‘tudents are from southeastern Europe 
and Scandinavia. 

The lack of overseas oils and fats 
has vreatly stimulated in the Danubian 
basin the planting of oil-producing 


plants, ineluding rapeseed, flax, hemp, 
castur, gourds, poppy, sunflower, and 


‘“ybeans. The climate of southeastern 
Europe is favorable to raising oleag- 
mou~ plants, and the Balkan govern- 
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What would a “census” of your com- 
pressor equipment reveal? The de- 
mands of the many new chemical and 
industrial processes of the recent years 
call for modern utmost efficiency in 
compressors—and 


NORWALK 


COMPRESSORS 


are meeting such demands. The new 
line is complete and represents the 
utmost in efficiency, simplicity and 
accessibility . . . exactly the results 
you have’a right to expect from 75 
years of experience in this field. 


Horizontal two-stage Tandem Compressor Type TR-S2T 


@ We have just completed a 


15,000 LB. PRESSURE 
Unit for Laboratory Use... 


This unit is the first one ever 
built in this country. It is typical 
of Norwalk pioneering in single 
and multistage compressors. We 
are always prepared to help com- 
pressor users solve the most diffi- 
cult problems .. . increase operat- 
ing efficiency .. . cut costs. 


15,000 lb. pressure laboratory five-stage Compressor 
Type SR-S5X 


NORWALK CO. 


Incorporated 


50 N. Water St. 
SOUTH NORWALK CONN. 


EST. 1865 
Sales Offices In Principal Cities 


NORWALK COMPANY 
South Norwalk, Conn. 
Gentlemen: I want to check on my compressor problems without 


obligating myself in any way. Kindly send me all your latest 
literature today. 


Name 


\\ — 
HERE'S 
THE : 
d 
G \ \ <2 
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Top Drain “Multileaves” as- 
sembled for shipment to process 
plant. 


Wire cloths stocked 
in widths up to 14’. 


NOW IS THE TIME 
TO REDUCE COSTS 
THROUGH BETTER 


Screens 
Leaves 
Etc. 


The wide range of fabrics 
and weaves carried in stock 
—the unrivaled facilities of 
our plant for fabricating 
wire and screen assemblies 
—and our skilled workman- 
ship, enable us to do even 
the “difficult” job economic- 
ally and rapidly. 


Our twenty-eight years of 
solving many seemingly un- 
solvable filtration problems 
for process manufacturers 
has enabled us to accumu- 
late a vast fund of knowl- 
edge on screening and fil- 
tration problems. 


If you want a cleaner fil- 
trate, a faster throughput 
or reduced filter fabric 
costs, get in touch with us. 


We can serve you intelli- 
gently, economically and 
promptly. 


WIRE CLOTH COMPANY | 
AVE., BRONX BORO. N Y. 
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ments are pushing the idea to get 
away from monoculture of grains. This 
has been especially true since attrac- 
tive prices have been offered since the 
war has cut off importations from over- 
seas. Production is still subject to 
considerable fluctuations, however. Ru- 
mania is the leading soybean grower 
in the Balkans, having boosted its out 
put from 10,770 metric tons in 1935 
to 76,000 tons in 1939, most of this be 
ing exported to Germany. With new 
uses constantly being developed for soy- 
beans in the chemical laboratories, this 
product promises to become an impor 
tant raw material in the Reich even 
after the war is over. 

Among new products being developed 
in the Reich are novelty shoes made en 
tirely of “Plexiglass,” shatter-proof 
glass produced from an organic base 
Plexiglass has already been extensivel\ 
used in addition to furnishing light 
weight airplane glass, for making but 
tons and other notions. Shoes of tli 
material are claimed to have hard plexi 
glass heels and uppers as soft and pli 
able as leather. Plexiglass and plas 
tics are finding increased uses in the 
Reich, especially since techniques for 
welding the materials have been im 
proved. 

The German optical industry has 
announced an improved type of magni 
fying glass, combining “visolette” glass. 
which illuminates the magnified object 
by concentrating light upon it, and an 
amplifier lens. 


CRUDE TURPENTINE USED FOR 
MOTOR FUEL IN SWEDEN 


A report from our commercial at 
tache at Stockholm says that a_ well 
known Swedish motor expert has re- 
cently discovered the use of crude 
turpentine as a motor fuel. By placing 
a copper plate having a hole of smaller 
diameter than the eylinder in the con- 
nection between the cylinder top and 
the motor block, the turpentine be 
comes atomized. The heat of the copper 
also aids in this procedure. So far, the 
method has been developed only for the 
use of motors having top intake valves. 
It is also necessary to devise some 
method for cooling the copper gasket. 
Such studies must be made for each 
individual motér and heretofore met) 
ods have been devised only for thie 
Hanomag automobiles. 


HYDRAULIC INSTITUTE SPONSORS 
ESSAY AWARD 


In order to stimulate interest of the 
younger men in the industry, the H) 
draulice Institute of New York is offer 
ing cash awards to writers of essay- 
dealing with problems which arise in 
the pump industry. Any employee o! 
member companies is eligible to con 
pete except executives, heads of «i 
partments and those holding man: 
gerial or policy-making positions. 
prizes will be awarded and the \ 
ning essays read at the annual meet 
ing of the Institute to be held in ! 
cember. 
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LALOR FOUNDATION ANNOUNCES 
WINNERS OF AWARDS 


The Board of Trustees of the Lalor 
Foundation has announced the names 
of winners of seven awards for re- 
search in chemistry for the academic 
year 1940-41. 

The recipients of the awards are: 
Dr. Andrew Calvin Bratton, Instructor 
in Pharmacology at Johns Hopkins 
University Medical School, to continue 
work with Dr. E. K. Marshall on 
chemical aspects of chemotherapy of 
compounds of the sulfanilamide type; 
Dr. Robert Byron Jacobs of the Re- 
search Laboratory of Physical Chemis- 
try of the Massachusetts Institute of 
Technology, to continue work with Dr. 
F. G. Keyes on fundamental proper- 
ties of materials at low temperatures; 
Dr. Joseph O. Hirschfelder, Research 
Associate at the University of Wiscon- 
sin, to work with Dr. Linus Pauling of 
California Institute of Technology in 
an investigation of the best ways and 
means for calculating the quantum me- 
chanical energy of molecules; Dr. Jane 
Anne Russell of the University of Cali- 
fornia to continue biochemical investi- 
gations under Dr. C. N. H. Long at 
Yale University; Dr. Robert N. Simha 
from the University of Vienna to work 
with Prof. V. K. LaMer at Columbia 
University on the statistical problems 
and kinetics of polymerization in long 
chain compounds; Dr. E. L. Robert 
Stokstad, Biochemist, Western Con- 
densing Co., Berkeley, Calif., to work 
with Prof. H. Borsook at California 
Institute of Technology on vitamin 
factor U and an unknown factor in 
polished rice; and Dr. Robert P. Wal- 
ton, Professor of Pharmacology, Uni- 
versity of Mississippi, for chemical and 
clinical work at the University of Chi- 


cago, 


A.S.T.M. WILL HOLD ANNUAL 
MEETING IN ATLANTIC CITY 


In order to provide ample time for 
the presentation and discussion of the 
large number of technical papers and 
reports to be presented at the forty- 
‘third annual meeting of the American 
Society for Testing Materials to be 
held at Chalfonte-Haddon Hill, Atlantic 
City, N. J., June 24-28, twenty-two 
separate sessions are being arranged, 
with several symposia and certain 
groups of technical papers indicating a 
strong technical program which covers 
a field broad enough to arouse wide- 
spread interest. 

Of interest to the field of chemistry 
ind chemical engineering will be the 
Symposium on Tools of Analytical 
Chemistry covering two complete ses- 
sions of the meeting. This is being 
irranged with the cooperation of the 
Division of Physical and Inorganic 
Chemistry of the American Chemical 
society, the program having been de- 
eloped by Dr. G. Frederick Smith, 
Vrofessor of Chemistry, University of 
\llinois, and Dr. G. E. F. Lundell, 
-hief, Chemistry Division, National 
Bureau of Standards. 


VILTER PAKICE 


The original, modern form of 
artificial Ice . . . Produced con- 
tinuously, WHEN and WHERE 
you need it. Serves a great vari- 
ety of needs! 


REQUIRES SMALL FLOOR 


A SIZE FOR EVERY NEED 


CRYSTALFORM PAKICE 


PAKICE in its original Crystal- 
form is made in tiny ice crystals, 
about .003” in diameter, in ap- 
pearance much like coarse 
snow. It is soft, handles easily, 
and melts evenly. 


BRIQUETTE PAKICE 


Ovoid in shape, made in several 
sizes, PAKICE Briquettes can be 
handled and stored much like 
coal— conveyed or chuted to 
point of use. 


PAKICE Equipment is inexpen- 
sive, both in original cost and in 
operating cost. Produces PAKICE 
at much less than other methods. 
Simple in construction and auto- 
matic in operation, PakIce Equip- 
ment requires very little oper- 
ating attention. It is sturdy and 
reliable, designed for many long 
years of service. 


Vilter PAKICE Equipment offers 
complete icemaking facilities in 
a surprisingly SMALL AMOUNT 
OF FLOOR SPACE. For instance, 
a machine of 30 tons daily ca- 
pacity requires a space of only 
7 x 14. 


Vilter PAKICE Equipment is 
available in sizes for every need, 
with daily capacity from 12 ton 
and up. Each Unit produces Ice 
within a very few minutes after 
turning on the refrigeration — 
operating with ANY temperature 
of makeup water. 


Vilter PAKICE has a wide field 
of application in the Chemical 
Industry. Let us discuss with you 
the possible advantages in 
YOUR plant. You, too, may save 
time and money in solution 
stabilizing or other uses. 


THE VILTER MFG. COMPANY 


2125 South First Street 
Milwaukee, Wisconsin 
Offices in Principal Cities 


PLANTS 
ARE NOW 
USING 


VILTER 
PAKICE 


FOR 
STABILIZING 
UNSTABLE 


SOLUTIONS! 


YOU, TOO, 
MAY FIND 


PAKICE 


PROFITABLE! 


Refrigeration . .. 
l\ir Conditioning 
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five years of intensive 


research the Nitroparaffins are now 
in commercial production. The comple- 
tion of our new plant at Peoria, Illinois, 
assures an ample supply of these new 
and exciting tools for the chemical 
industry —chemical compounds which 
until a few years ago were considered 


only as laboratory curiosities. 


The Nitroparaffins are so new that their 
uses may be entirely different from any- 
thing we might dream today. Their 
potentialities, however, are such that 


there probably will be few fields of 
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Now In Commercial Production 


chemical industry which they will not 
affect. The Nitroparaffins may serve you 
as the springboard for the development 
of entirely new products or they may 
well be the starting point for improve- 


ment in present processes and products. 


Write for samples and technical information. 


(OMMERCIAL SOLVENTS 


Corporation 
17 EAST 42nd STREET. NEW YORK. N.Y. ~ 
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Bruce K. Brown 


+ Georce C. MILLER has been appointed 
sales manager of the Plastics Division, 
Carbide & Carbon Chemicals Corp. He 
has been associated with the division 
activities since his early commercial 
development of Vinylite resins. 


+ OrTTo HENSE has been appointed to 
the newly created position of sales 
manager of the Pigment Division of 
Eagle-Picher Sales Co. He has been 
eastern representative of the division 
for several years. 


+ Bruce K. Brown, general manager of 
research and development for the Stand- 
ard Oil Co. of Indiana, has been elected 
a member of the board of directors of 
the company. He joined Standard of 
Indiana in 1929, having previously 
practiced patent law and served Com- 
mercial Solvents Corp. and Burgess 
Laboratories in technical and patent 
capacities. He was first general patent 
attorney for Standard and later man- 
ager of the development and patent 
department before being promoted to 
his present position in 1938. He now 
supervises the research activities at 
the six refinery laboratories. 


DonaLp R. Myers, who recently re- 
ceived his doctorate in organic chem- 
istry from Ohio State University, has 
joined the research staff of Battelle 
Memorial Institute, Columbus, hio, 
according to the announcement by (Clyde 
KE. Williams, Institute director. Dr. 
Myers will carry on research in cellu- 
lose chemistry. 


+ Bow Kocn, formerly assistant sales 
manager of the Morse Chain Co., will 
manage the new branch office recently 
established at Houston, Tex. 


#James D. FLEMING has been ap- 
pointed vice president and sales man 


C. M. Hoff 


ager of Grinnell Co., Ine., Providence, 
R. I. He has been associated with the 
company since 1919 and while he will 
continue to manage the subsidiary com- 
pany on the Pacific Coast, he will be 
located at the company’s headquarters 
in Rhode Island. 


+ Baynarp R. WHALEY has joined the 
research staff of Sonoeco Products Co. 
of Hartsville, S. C. He was formerly 
with Firestone Rubber and Latex Prod- 
ucts Co. of Fall River, Mass. 


Wittiam B. Dosson has been ap- 
pointed works manager of the Oil City 
Tank & Boiler Co. of Oil City, Pa. 
For many years Mr. Dobson was super- 
intendent of the heating boiler division 
of Struthers-Wells Titusville Corp. 


+ FreemMAN P. Srroup, senior active 
member of the faculty at the Phila- 
delphia College of Pharmacy and Sei- 
ence, will be honored during the an- 
nual commencement week program. The 
homecoming day dinner of the Alumni 
Association on June 4 will be dedi- 


cated to Professor Stroup. In addition 
to being professor of organic chemistry, 
he is recording secretary of the Alumni 
Association. 


+ Epwin C. Scurermart, works chem- 
ist for the past five years, has been 
appointed plant manager of the Here- 
site & Chemical Co., Manitowoc, Wis. 
Henry Wernecke has been appointed 
sales manager of the company. 


+ NorMAn L. DevBLE is now associated 
with the Copperweld Steel Co. at War- 
ren, Ohio as assistant to vice president. 
He was previously with the Republic 
Steel Corp. and has been associated 
with the Central Alloy Co. and the 
United Alloy Steel Co. 


+P. W. Foster, Jr. has been ap- 
pointed manager of the steam division 
of Foster Wheeler Corp. Martin Frisch, 
formerly chief engineer of that divi- 
sion, has been appointed to the corres- 
ponding position of the corporation. 


+ E. T. AspLuNpu has been elected vice 
president of the Pittsburgh Plate Glass 
Co. in charge of the company’s chem- 
ical and cement operations, succeeding 
Hugh A. Galt who retired recently. 
Previously Mr. Asplundh held the posi- 
tion of assistant to Mr. Galt. He first 
joined the Pittsburgh Plate Glass Co. 
organization in 1919. 


+ Cates Davies, Jr. has been elected 
vice president in charge of tar products 
of the Pittsburgh Coal Carbonization 
Co., according to the announcement 
of Mr. C. E. Lesher, president. 


+C. M. Horr has become manager of 
the Electro-plating Division of the E. I. 
duPont de Nemours & Co., vice J. C. 
Pickard, transferred to the R. & H. 
Chemicals Dept. and F. F. Oplinger has 
become assistant manager of the Elec- 
tro-plating Division vice Mr. Hoff. 


Tex. 
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MAY 27-31, American Petroleum Institute, mid-year meeting, Fort Worth, 


AUG. 20-23. Technical Association of the Pulp & Paper Industry, fall 
meeting, Olympic Hotel, Seattle, Wash. 


SEPT. 9-13, American Chemical Society, fall meeting, Detroit, Mich. 
OCT. 2-5. Electrochemical Society, fall meeting, Ottawa, Canada, 


DEC.. American Institute of Chemical Engineers, New Orleans, La. 
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Motor Driven, En- Dust Hoppers Stamped Steel Grids Wire Mesh Frame, 
closed Screen Rapping Support and Seal Cloth Covered Screens 
Mechanism Screens 


‘CLOTH SCREEN DUST COLLECTORS 


CONTROL DUST 


E CON OMI CALLY Dust control pays a dollars-and- 


cents profit! Collected materials may be re-used—or sold. Sizes 
and types of Pangborn Dust Collectors for every need. Pangborn 
Engineers, with a background of thirty-three years’ experience, are 
well qualified to serve you expertly. 


SA FE LY Dust under control at its source can do no harm. 
And more than four thousand, five hundred Pangborn Steel Frame, 
Cloth Screen Collectors are in daily operation in all parts of the 
world—proving to well-satisfied users that controlled dust saves 
property and assures safety from the damaging destructiveness 
of dust. 


CORPORATION - HAGERSTOWN, MD. 
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Gustav director of research 
of University Oil Products Co., Chi- 
cago, is the 1940 recipient of the medal 
which is awarded annually by the 
American Institute of Chemists for 
outstanding service to the science of 
chemistry and to the American chemicai 
profession. The medal was presented 
at the Institute’s annual meeting held 
at Atlantic City, May 18. 


FRANK L. LaQue who has been as 
sistant director of the technical serv- 
ice on mill products for The Interna 
tional Nickel Co., is now engaged in 
development activities on all applica- 
tions of both ferrous and non-ferrous 
nickel containing alloys. He will con- 


tinue to make his headquarters in New 
| York. 


Harold F. Pitcairn 


Haron F. Prrcarrn has been elected 
president of the Southern Alkali Corp., 
subsidiary of the Pittsburgh Plate 
Glass Co., succeeding Hugh A. Galt, 
who retired recently. Mr. Pitcairn is 
a director of the Pittsburgh Plate 
Glass, president of the Autogiro Co. 
of America, and proprietor of the Pit 
cairn Autogiro Co. He has been asso- 
ciated with the Pittsburgh Plate Glass 
Co. for many years, first serving in 
its efficiency department in 1919. 


+C. D. BLACKWELDER, a partner in 
the firm of J. E. Sirrine & Co., Green 
ville, S. C., was recently initiated into 
the North Carolina State College Chap 
ter of Tau Beta Pi, national honorary) 
engineering fraternity. 


+ A. W. Limont, Jr. has become affil: 
ated with the Titusville Processin: 
Equipment Div. of Struthers-Wells. 
For many years he was with E. |. 
duPont de Nemours & Co., Ine., spe- 
cializing in chemical plant equipmert 
and design. 


+ Morcan B. SmirnH has been added 
to the technical organization of ti 
Detroit Testing Laboratory. Since 19! 
he has been employed in research avd 
advisory work by the Detroit United 


METALLURGICAL ENGINEERIN’ 


i 
| | 
| 
| 
, 


Railways, The Detroit Edison Co. and 
General Motors Corp. Previously he 
was employed as research chemieal en- 
gineer by the Solvay Process Co. and 
the Semet Solvay Co., Syracuse, N. Y. 
Mr. Smith will devote his time to per- 
sonal contacts with old and prospective 
clients, endeavoring to increase the 
svope of the good will long enjoyed by 
the Testing Laboratory. 


+ James C. Morcan has been promoted 
from his former post of general sales 
manager of the Philadelphia Division 
to the position of general manager of 
the entire Philadelphia plant of Yale 
& Towne Mfg. Co. 


+ Henry Boorn, E. L. Mitts and 
PuItip KEARNY have been elected presi- 
dent, vice president and treasurer re- 
spectively of International Acetylene 
Association for 1940. H. F. Reinhard 
was re-elected secretary. Mr. Booth is 
now vice president of Shawinigan Prod- 
ucts Corp. of New York. Mr. Mills 
is vice president of Bastian-Blessing Co. 
of Chicago. Mr. Kearny is founder and 
president of K-G Welding and Cutting 
Co. of New York. Mr. Reinhard is 
associated with the Union Carbide Co., 
New York, 


+THomas E. Cocker has been ap- 
pointed: manager of the Detroit office 
of Chain Belt Co. of Milwaukee, to 
succeed G. A. Gunther. Mr. Klemme 
will sueceed Mr. Cocker as manager 
of the Buffalo office. He has been with 
the company since 1935, serving in both 
engineering and sales departments. 
Robert Potter, a member of the home 
office sales organization has been trans- 
ferred to the Pittsburgh office where 
he will assist Mr. Gayle Sherratt, dis- 
trict manager. 


+ RicnHarp LUTHER has been appointed 
by the Vita-Var Corp. paint manufac- 
turers of Newark, N. J. to take charge 
of their industrial sales and export 
divisions. Mr, Luther was associated 
for more than 21 years with Certain- 
teed Products Corp. in charge of their 
export sales, but resigned his position 
to become associated with Vita-Var. 


+ Frank Griswopp Hatt, president of 
Stein, Hall & Co., was tendered a ban- 
quet by the officers and directors of the 
company in celebration of the 50th an- 
niversary of his association with the 
organization. The banquet was held 
in the Waldorf-Astoria Hotel on April 
6, just a half century from the day 
when Mr. Hall replied to a newspaper 
“Help Wanted” ad which won for him 
a $9-a-week job with the late Leo Stein. 


*Georce FREESE has been appointed 
technical consultant for the Pioneer 
Asphalt Co. His headquarters will be 
at the new Chicago plant of the com- 
pany. Mr. Freese, who was previously 
at the company’s Lawrenceville plant 
in the capacity of chief chemist, will 
now be able to devote his entire atten- 
tion to problems pertaining to the de- 
velopment of new types of asphalts and 
their improved applications. 


FOR JOBS WHICH ARE 


INDUSTRIAL FELTS 


TOUGH FABRICS 


DUST and FUME BAGS 
AIR and GAS CLEANERS 
FILTER FABRICS 


Endless Belts for 
Conveying Filtering 
Polishing * Coating 
Finishing 

Seamless Roll Covers for 
Polishing * Impregnat- 
ing * Cushioning 
Finishing 


Flat Material for 
Filtering * Pads Print- 
ing 


Tubular Fabrics for 
Dust Recovering * Bag 
Houses Filtration 


These materials can be 
made in practically any 
size and construction and 
in thicknesses to at 
least '/2". 


@These fabrics are woven as well as 


felted thereby achieving resilience, 
flexibility and unusual strength. 
Whenever really thorough filtering 
is required—whether air, gases, or 
liquids—Albany fabrics can be de- 
pended upon for perfect satisfac- 
tion. They offer low ultimate cost 
and long wear, especially for acid 
conditions. 


Albany engineers will be glad to 
analyze your problems without obli- 
gation to you. The coupon below 
will bring prompt attention for any 
problem you may have. 


ALBANY FELT COMPANY 


Albany, New York, A. 


Gentlemen:—I'm interested in possible savings to be made 
with Albany Woven Wool Fabrics. 
about Woven Wool Fabrics for 


Address........ 


| would like to know 
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QUAKER 


FURFURYL ALCOHOL 


penta Weight per gallon 9 Ibs. (for billing purposes) 
BOOKLET F. O. B. Point Drums Waverly, New York 
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A furfural 


derivative 


SPECIFICATIONS 


Distillation range: 


90°, between 165-177° C. 


Specific gravity 20/20 1.130-1.136 
olor Straw yellow to amber 

PROPERTIES 

Melting point —20° C. 

Flash point 75° C, 

Refractive index 25/D. 1.4850 

Vapor pressure (50° C.) -4mm. 


Surface tension 38.2 dynes /cm. 


SOLUBILITY AND REACTIVITY 


Furfuryl Alcohol is a dispersant for dyes, many resins, both syn- 
thetic and natural, and cellulosic derivatives. It is miscible with 
most organic solvents except paraffinic petroleum hydrocarbons. 
In general its reactions are typically those of a primary alcohol 
with the exception that it is resinitied by contact with mineral 
acids or strong alkalis. 


INDUSTRIAL APPLICATIONS 


Many uses of Furfuryl Alcohol are based upon its solvent, pene- 
trating, and wetting properties. Thus it finds application as a tex- 
tile dye solvent and also acts as a fixative as well as renders the 
finished cloth more color stable. It is reported to assist materially 
in the mercerization of cotton. Other uses include its application 
as a solvent-plasticizer in the manufacture of abrasive wheels, and 
when converted into Furfuryl Xanthate it has proved useful as a 
flotation agent. Chemical-resistant coatings are produced when 
Furfuryl Alcohol is polymerized in situ by the action of dilute 
mineral acids or acid salts. 


SHIPPING INFORMATION 
9, 45, 90 Ib. tins; 500 Ib. drums; 


drum carloads 


Containers 


Less than drums Cedar Rapids, lowa 


We shall welcome the opportunity to discuss any problems 
wherein Furfuryl Alcohol may be adapted for your purposes. 
Write for a copy of the booklet “The Furans.” 


The Quaker Oals 


TECHNICAL DIVISION 5-5 CHICAGO, U. S. A. 


+ Freperick S. Bacon has been ap- 
pointed assistant professor of chemical 
engineering at Northwestern Univer- 
sity. 


+ Grirrin, at present with the 
market and sales development section 
of Shell Development Co., in Emery- 
ville, Calif., will become head of a 
similar department of Westvaco Chlo- 
rine Products, New York, N. Y. 


+ Water L. BADGER, manager of the 
Consulting Engineering Division of the 
Dow Chemical Co. was named winner 
of the William H. Walker Award of the 
American Institute of Chemical Engi- 
neers. The Award is made for out- 
standing contribution to chemical engi- 
neering literature. 


Walter L. Badger 


+ Myron T. Herreip was elected vice 
president of Koppers Co. in charge of 
the Minnesota division, which operates 
coke ovens, processes tar and sells gas 
and coke. He succeeds E, L. Smith who 
has temporarily withdrawn from active 
management of the plant. 


+ CHARLES S. BRADEEN has been ap- 
pointed to the position of executive vice 
president of the Canadian Fairbanks- 
Morse Co., Montreal. 


+ Joseru V. Santry has been elected 
president of Combustion Engineering 
Co. 


+ Greorce W. DoLan and C. S. GLENN 
have been elected vice presidents of 
Mathieson Alkali Works, Ine. 


OBITUARY 


J. Sropparp died unexpectedly 
Apr. 23 when he was stricken with 
heart attack in his office. He was 62 
years of age. He had developed the 
dry cleaning solvent that bears his 
name and was president of the Steod- 
dard Dry Cleaning & Dyeing Co., At 
lanta, Ga. 


+ A. M. GrREAVES-WALKER, assistant to 
the chief technical engineer of Libbey- 
Gwens-Ford Glass Co., Toledo, and sen 
of Dr. Arthur Greaves-Walker, proies- 
sor of ceramic engineering at North 
Carolina University, was killed 1 
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stantly in a train wreck at Little Falls, 
N. Y., April 19. He was 32 years of 
age. . 

+ Erwin SuuM, secretary and director 
of research for the Suhm Co., died 
April 22. He was 54 years old. He 
had been associated for about 32 years 
with the firm formerly the Cream City 
Chemical Works which had been founded 
by his father, John J. Suhm, president. 


Carl Bosch 


Boscn, chairman of the I. G. 
Farbenindustrie A.G. and winner of 
the 1931 Nobel prize for chemistry, 
died at his home in Heidelberg Apr. 26. 
He was 65 years old. In 1937 Dr. Bosch 
was honored, being made president of 
the Kaiser Wilhelm Society for the 
Advancement of Science, Germany’s 
foremost scientific institution. 


From a snapshot taken April 1940 
Edwin F. Northrup 


+ Epwin Fitcn Norturur died April 
29 at his home in Princeton, N. J. 
after an illness of several weeks. He 
was 74 years old. Dr. Northrup re- 
ceived the bronze medal of the Exposi- 
tion Universalle in Paris in 1900 for 
his contributions to the Rowland tele- 
phone system. He also was awarded 
the Edward Longstreth medal in 1912, 
the Elliott Cresson medal in 1916, and 
the Edward Goodrich Acheson gold 
medal im 1931. 
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National Distillers 

protect their products with “Ss 
BARNSTEAD WATER 

STILLS 


The large 250 gallon per hour still, above, is only one of 
many giant Barnstead Water Stills* contributing to the 
quality of National Distillers’ products. Absolutely pure, 
chemically and _ bacteriologically— Barnstead distilled water 
is best for cutting and blending purposes. It is free from 
impurities that cause cloudiness. It maintains the clarity 
of the whiskey. Prevents rejects and dissatisfaction. 


National Distillers—like hundreds of food, drug, pharma- 
ceutical and process plants—find that Barnstead Distilled 
Water is good “quality insurance” for their products, And 
low cost insurance. Operating costs are less than % cent 
per gallon and from the complete Barnstead line you can 
always find the still that meets your requirements without 
over- or under-production. Send for complete 70 page 
catalog. 


*Sold by Wyman Engineering 
Cincinnati, Ohio 


arnstead 


STILL & STERILIZER CO. Inc. 
Forest Hills, Boston, Mass. 


4 Lanesville Terrace 
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EXPLOSION-PROOF 


ACID-MOISTURE PROOF 


Non-Ferrous Fan wheels and 
Underwriter’s Label Motors 


Safe ventilation regardless of the dust or fume 
hazard, Non-corrosive chemical coatings of 
Bakelite where light corrosive acid fumes 
prevail and the new Heresite (375°) baked 
finishes where severe conditions exist. Motors 
are Underwriters Label Class 1, Group D, 
Explosion Proof Type. Fan wheel sizes are 
from 12” up. 


Cut Insurance Rates—Protect Investment 
Send for Bulletin No. 201A, today! 


AUTOVENT FAN & BLOWER CO. 


1807-9 N. Kostner Ave., Chicago, Ill. 


“Tested Readership” Means 


Greatest 
Advertising Value 


TESTED READERSHIP, as an 
attribute of each and_ every 
McGraw-Hill Publication, gives the 
advertiser who buys space in any of 
these papers, another logical evalu- 
ation factor in addition to the 
A.B. and N.1.A.A, statements, It 
gives you extra assurance that here 
are media with a vitally interested 
body of readers whose needs and 
interests the editors know and serve 
specifically. 

It means, too, that if the adver- 
tiser will follow the editor, and pro- 
duce informative sales messages 
tied-in to the same needs and prob- 
lems of the reader, the advertising 
will be more widely read, and will 
be effective in carrying a substan- 
tially larger share of the sales 
burden. 


PUBLICATION 


Chemical 
& Metallurgical 


Engineering 
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READERS’ VIEWS AND COMMENTS 


Readers are invited to express their views on articles appearing in Chem. & 
Met. or on other subjects of interest to chemical engineers. As far as our space 
permits such views and comments will be published in these columns. Address 
your letter to the Editor of Chem. & Met., 330 West 42 St., New York, N. Y. 


To the Editor of Chem. & Met.: 

Sir:—Several years ago while going 
through some of my father’s papers I 
came upon the following list of “Rules 
for the Executive” which he wrote some 
time before his death in 1924. I feel 
that they are so concise and pertinent 
that your readers might be interested 
in seeing them. They are presented 
just as I found them. Although he 
titled them “A Pedantic Discussion,” 
| believe they are anything but 
pedantic. 


RULES FOR AN EXECUTIVE BY ONE OF 
THEM TO ANOTHER 
A Pedantic Discussion 


John G. D. Mack 


1. Never do anything which it is 
possible for a subordinate to do un- 
less the element of personal danger 
enters. Your chief business is super- 
vision, readiness to serve, to make 
policies and to meet ever rising 
emergencies. 

2. In everything which does not seri- 
ously interfere with you or your 
trust, give others their own way as 
far as possible. Wrangling over 
petty details of no consequence as to 
how they are solved blocks progress 
and may wreck the enterprise. 

3. Give all credit to subordinates 
for, if you like credit, more than 
sufficient for yeur needs will reflect 
on you. It is a far more com- 
mendable task to select or train an 
efficient employee than to do the 
work yourself. 

4. Do not fear a subordinate who is 
a better man than you are but en- 
deavor to equip your department 
with such men and take a just pride 
in the fact. 

5. All essays on loyalty deal with 
loyalty of subordinate to superior. 
Be loyal to your subordinates and 
they will be loyal to you. 

6. Encourage criticisms or sugges- 
tions for betterment from all sources 
and receive them kindly although you 
may be able to apply but few of 
them. 

7. Be considerate of others’ opinions 
even though you may know them to 
be wrong. 

8. Give undivided attention to the 
matter in hand and never show evi- 
dence of being in a “hurry,” for 
that trait is like a slipping clutch. 
A tiresome interview can be happily 
terminated at any time. 

9. Express appreciation for service 
well performed, even though the em- 
ployees be paid for that service. 
10. If a verbal order which you give 
goes wrong, absorb the blame and 
forget it. 

11. Be brief, but tell all the leading 
facts or nohe. 


12. Never use “to speak frankly” or 
similar phrases for the other person 
will immediately and possibly with 
justice jump to the conclusion that 
your statements lacking this qualifi- 
cation are full of dissimilation. 

13. Always be polite in word and 
action, Politeness is an impenetrable 
armor. 

14. Never scold nor show anger. If 
you scold you are a joke as soon as 
your back is turned and if you show 
anger it is a break in your armor 
which places you at the mercy of a 
skilled antagonist. 

15. Never make a show of authority 
until all else has failed, but in this 
almost impossible emergency use 
your authority to the limit. 

16. Have endless patience. 


My father, John G. D. Mack, was a 
Professor of Machine Design at the 
University of Wisconsin for many years 
and was Chief Engineer of the State of 
Wisconsin for the ten years preceding 
his death. He was very widely known 
as a teacher and an executive and 
these rules apparently represent his 
observations and experiences gathered 
in many years of successful profes- 
sional engineering work. 

Davip J. Mack 
Professor of Chemical Engineering 
University of Tennessee 
Knoxville, Tenn, 


TWILIGHT ZONE IN EDUCATION 


To the Editor of Chem. & Met.: 


Sir:—I am fifty-four. There are « 
few things I’d like to do while I am 
still able. You might call them “gen- 
eralizations” based on my twenty-five 
years teaching experience. One of them 
is to participate in the development of 
a new type of chemical technician 
course which would both train and 
educate—in the area between the voca- 
tional school and the “technical” high 
school. 

Kipling has a story which ends with 
his British Tommy telling his mates 
that he found his Boer captor trying 
to “erect an aristocracy upon the 
sjambok.” I am fearful of a similar 
attempt by men in certain chemical 
circles to turn their backs upon the 
example of men like Faraday, Hart 
and Carver and erect a chemical aris- 
tocracy upon college degrees, barring 
those who might rise from the ranks. 
There has been a similar move in the 
legal profession and medicine is a 
closed “trade.” Such efforts may make 
our country as futile and its institu- 
tions as extinct as those of the Mayas 
who also concentrated education and 
science in the hands of a single class 
or caste, 
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T have found 17-year-old boys apt 
enough to take Fiegl’s “Spot Tests” 
(Janet Matthews’ translation) with- 
out much help, and make 80 per cent 
or better on simple unknowns without 
group separations. The same group 
made several grams of the costly and 
involved reagent para benzylidene rho- 
danine for copper and silver tests. 
They set up distillation equipment 
which secured a 28-in. vacuum. These 
were boys out of the working class of 
Wilmington—a “dead-pan” blonde Po- 
lish boy with bad teeth as a result of 
malnutrition, a round-faced Irish boy 
and a slim White Russian from “across 
the tracks.” Are they to be denied the 
chance to progress and told that they 
can never go higher than $1,800 per 
year? 

Northwestern University once tried 
to get a collection of high I.Q. children 
for an experimental school. Only two 
of the 13 or 15 children came from 
families which were able to send them. 
The project was abandoned. Genius too 
often occurred in families in which the 
income was less than $2,500 per year. 

What is the answer in these days of 
rising educational cost in law, engi- 
neering, and medicine when the public 
grows more and more sure of its dis- 
satisfaction with current secondary 
education in spite of all its “progres- 
sive” front? Where are there any tests 
of scientific aptitude to sort out em- 
bryo Edisons, Heavisides, Lammes, 
Steinmetzes and Ketterings? Who will 
give the price of a horse for another 
Carver, white or black? Are we to 
maintain an educational laissez faire 
policy with its inevitable and distress- 
ing waste? 

Suppose for a moment that we could 
work along the line of the recent Spens 
Report to the British Science teachers 
(Nature, Mar. 4, 1939, Vol. 143, p. 349) 
—take a selected group of boys into 
the facilities of (1) a university high 
school plus (2) the equipment of a 
university chemical engineering depart- 
ment in the final years. I am sure that 
we would get a high grade technician 
who could not only go into lab and 
plant but also into the university or 
_ engineering school when his funds per- 

mitted. First, we would need to deter- 
mine that the boy had “the seeing eye 
and the inquiring mind.” Can you 
doubt the value of the results? 

There is a big job in this twilight 
zone between chemistry and education. 
My real interest is there, and I would 
like to have a hand in some organized 
effort in this direction. 

R. E. Bowman. 
Headquarters C.C.C.Co. 3220, 
Georgetown, Del. 


CORRECTION 


In the pictured flow sheet “Modern 
Sugar Refining,” (February 1940 issue 
of Chem. & Met., p. 119), it was stated 
that no char or vegetable carbon is 
used in the new Sucrest sugar refinery. 
This statement was incorrect. Darco is 
used at the present time in the Sucrest 
process, as well as Sucro-blanc. 


STEELS 


IN STOCK...IMMEDIATE SHIPMENT 


Over 40 kinds of alloy steels—both standard S.A.E. analysis, and Principal Products In- 
ial heat treated Ryerson alloys—are included in the wide range clude: Bars, Shapes, 

of Certified Steel ucts carried in Ryerson stock for Immediate Structurals, Plates, 
Shipment. Sheets, Floor Plates, 
A special quality control plan on alloy steels gives the heat treater Alloy and Tool Steels, 
exact data on every bar to guide him in securing better results in Allegheny Stainless, 
less time. Write for complete information. Screw Stock. C. F. 
If you do not have the blue and grey Ryerson Stock List —the Shafting, Mechanical 
Key to Immediate Steel — we will gladly send a copy. Joseph T. Tubing, Reinforcing 
Ryerson & Son, Inc. Plants at: Chicago, Milwaukee, St. Louis, Detroit, Steel, Welding Rod, 
Cincinnati, Cleveland, Buffalo, Boston, Philadelphia, Jersey City. Nuts, Bolts, Rivets, ete. 


DATA SHEETS 


. . » On Materials of Construction 1938-1939 Edition 


(Supplement to November 1938 issue) 
Literally a Materials Handbook, this 38page booklet presents 
essential information for more than 800 corrosion-, heat- and 
abrasion-resistant materials used in the construction of process 
equipment. 

Included are: (a) non-ferrous metals and alloys, (b) ferrous 
metals and alloys and (c) non-metallic materials of construction. 
Physical properties, chemical composition and names of manu- 


Ask for DATA SHEETS—1939 


Chemical & Metallurgical Engineering, 330 West 42nd St., 
New York, N. Y. 


THE Wheelco RECORDING 
CONTROL THERMOMETER 


. . . is the only electrical recording control 
instrument on the market that records as it 
controls. The recorder and the control unit 
operate completely independent of each other. 
The recorder is not delayed in its function 
until control action is completed—it records 
every control operation as, and while, it oc- 
curs. This is the first and only instrument 
in its field to employ the time-proved, in- 
stantaneous control features of the Wheelco 
“Radio Principle” electronic control system. 
The extreme design simplicity of this indi- 
vidually different instrument permits instan- 
taneous control free from lag time, with 
unequalled reproduction of the slightest tem- 
perature deviations, unusually rugged construc- 
tion and the positive assurance of minimum 
maintenance. Charts are available in prac- 
tically all industrial ranges from 0° F. to 800° F. 


Write 


Wheeles Instruments 


1929-33 S.HALSTEO STREET ° ° ° CHICAGO. ILLINOIS 
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for the Great Chemical Industry 


for over Half a Century 


@ Plants built in the 90's have Buffalo Fans in them. With the 
rapid expansion of "World War" days Buffalo kept pace. 
Since 1920, hardly a chemical plant of importance, but what 
has some Buffalo equipment installed. 


@ Why is this of interest to you? Because it means that Buf- 
falo engineers know, from experience, how to build fans that 
will serve you best. 


@ |f you want the benefits of this accumulated experience, let 
us make recommendations on your next requirements. 


BUFFALO FORGE COMPANY 


501 Broadway Buffalo, N. Y. 


Branch Engineering Offices in Principal Cities 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


FANS 


; Every Chemical Service 


A. I. Ch. E. MEETING 


(Continued from page 343) 


ous possible combinations of three 
sizes of copper tubing and four sizes 
of standard iron pipe. A graphical 
differentiation of the coefficients 
against velocity yields liquid film eco- 
efficients which have been analyzed. 
A more aceurate expression of re- 
sults is obtained with the Nusselt 
equivalent diameter and the substitu- 
tion of 0.04 D./D, (the ratio of the 
boundary diameters of the annulus 
instead of the value, 0.0225, hereto- 
fore recommended in the Dittus- 
Boelter equation.—Alan Foust, 
University of Michigan and Gene A. 
Christian, E. I. du Pont de Nemours 


& Co. 


Glass Exchangers- -This paper pre- 
sented results of heat-transfer meas- 
urements in double-pipe exchangers, 
the inner pipes being of Pyrex glass, 
1 in. and 2 in. in diameter. The re- 
sults indicate that non-boiling coeffi- 
cients may be computed from the 
Dittus-Boelter equation, using an in- 
creased numerical coefficient for eal- 
culation of the annulus film. Measure- 
ments for condensing steam indicate 
that the resistance of the steam film 
is very small compared to the water 
film, even though the amount of con- 
densate accumulating is quite large. 

Coefficients for dehumidification of 
wet air are presented as a nomograph 
covering air velocities from 13 to 135 
ft. per see. and moisture contents 
from 10 to 60 per cent, both at enter- 
ing conditions. Cooling water was 
used at temperatures from 50 to 95 
deg F. entering and rates from 0.3 
to 3.3 ft. per see. The mass transfer 
rates corresponding to these coeffi- 
cients correlate consistently 25 per 
cent below the results of Colburn 
and Hougen for a_ vertical tube, 
which was much shorter than the 
four pass exchangers used in this in- 
vestigation. In a surprising number 
of conditions, the condensing film co- 
efficients are high enough that the 
water film offers the dominant resist- 
ance. Evidence indicating that the 
thermal conductivity of Pyrex is 
higher than published values was also 
diseussed.—Alan S. Foust, Univer- 
sity of Michigan, and T. J. Thomp- 
son, Corning Glass Works. 


Evaporation and Drying—Overall co- 
efficients of heat transfer were deter- 
mined when drying a erystalline ma- 
terial from a 40 per cent water so- 
lution in a 350-gal. jacketed kettle 
equipped with positive scraping agi 
tator. Design of equipment and oper- 
ating data were presented.—H. G. 
Laughlin, the duPont Co. 

Turbulent Flow—An analysis of the 
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published data on the velocity distri- 
bution of fluids in turbulent flow has 
shown that these data are consistent 
with theoretical formulas already ad- 
vaneed. A discussion of the results 
underlying the apparent discrepan- 
cies is advanced and experimental 
data are used to substantiate this.— 
H. T. Bates, Iowa State College. 


Heat Transfer—Coeflicients of heat 
transfer from vapor to a horizontal 
tube were determined for the conden- 
sation of mixed vapors of water and 
non-miscible organic liquids. This 
work is an extension of the research 
previously published by Baker and 
Mueller. In the present work a much 
wider range of vapor compositions 
was studied.—E. M. Baker and Utah 
Tsao, University of Michigan. 

Sedimentation—This paper com- 
prises an experimental study of two 
types of suspensions over a wide 
range of concentrations and with dif- 
ferent settling heights, with a view 
toward correlating these variables 
into general relations for the settling 
periods.—Lincoln T. Work, Columbia 
University and Arthur S. Kohler, 
Newark College of Engineering. 


PAPERS BY TITLE 


Four papers originally prepared 
for the Second Chemical Engineering 
Congress, scheduled to be held in 
Berlin, Germany, in June 1940, were 
presented by title. The first of these 
by Frederick G. Straub of the Uni- 
versity of Illinois, discussed new 
trends in boiler feed and water treat- 
ment. It will be published in full in 
an early issue of Chem. & Met. Dr. 
Francis C. Frary, Direetor of the 
Aluminum Research Laboratories, of 
New Kensington, Pa., titled his 
paper “Aluminum Chemical Equip- 
ment.” Perey C. Kingsbury, Chief 
Engineer of General Ceramics Co., 
had prepared a paper entitled “The 
Development of Ceramic-ware for 
the Chemical Industry.” Dr. Charles 
M. A. Stine, Vice-President, E. I. 
du Pont de Nemours & Co., Inc., had 
titled his address “Chemical Engi- 
neering and Industry.” 

Stine defined chemical engineering 
as a philosophy affecting all relation- 
ships which involve energy and mate- 
rial. Sinee chemical engineering is 
closely identified with new products 
and new processes, as well as in- 
creased production efficiency, Dr. 
Stine thought it desirable to dispel 
the concept so frequently voiced that 
science lessens employment. The fact 
is that over long periods of time, in- 
dustrial employment has increased at 
a rate greater than the population. 
Chemical engineering, said Dr. Stine, 
is the ageney by which many impor- 
‘ant industries have been created. 


PUMP 


for the Great Chemical Industry 


for over Half a Century 


@ Whatever your pumping problem, you'll find that Buffalo 
has probably built a pump for similar service. 


@ By the broad experience of many years of specialization 
in the chemical industries, Buffalo engineers are able to 
make intelligent recommendations. 


@ Our new Bulletin 982 contains much information useful to 
the man who specifies pumps. Write for your copy. 


BUFFALO PUMPS, INC. 


50! Broadway Buffalo, N. Y. 
Branch Engineering Offices in Principal Cities 
Canada Pumps, Ltd., Kitchener, Ont. 


: Every Chemical Pumping Service 
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FACTS FILTERING 


Representative case histories on widely varied clarification problems 
condensed from field reports of Johns-Manville Filtration Engineers 


Varnish Filtered Ten Times Faster 


(Reported by J-M Engineer K. L. Rohrbach) 


CINCINNATI 
DISTRICT — In 
this varnish 
plant, trouble was 
reported filtering 
Kauri gum var- 
nish. Filter aids 
; had been tried, 
but without improvement. If not 
centrifuged before filtration, only 
200 gallons could be put through the 
press in a full day’s run. A check-up 
indicated that Celite No. 501 should 
produce a clear filtrate at high flow 
rates with existing filters. Accord- 
ingly, a test run was started. 
Results far exceeded the com- 
pany’s expectations. In 4 hours, 20 
minutes, 1050 gallons of varnish were 
filtered . . . more than ten times the 


Better Products Cost 


Less with Celite 
Mineral Fillers 


Hundreds of widely different 
manufactured articles have been 
given new quality with J-M 
Celite Fillers. 

Entirely mineral, these better 
inerts show under the micro- 
scope as irregularly shaped 
hollow shells. Unusually porous, 
they absorb more than 200% 
their own weight in liquid. Be- 
cause of their tremendous sur- 
face area, they are frequently 
used to replace 2-6 times the 
amount of heavier fillers. 


Celite Mineral Fillers are sup- 
plied in a complete range of 
types and grades. And J-M Engi- 
neers are always available to help 
you select the one best suited to 
your needs. For details, write 
Johns-Manville, 22 East 40th 
Street, New York, N. Y. 


amount previously secured. Centri- 
fuging before clarification is elimi- 
nated. And by speeding up the 
pump, even faster filtration will be 
possible with this high-flow-rate 
filter aid. 


$9100 Per Year 
from Scrap Sugar 


(Reported by J-M 
Engineer P. R. Deschere) 
NEW YORK 
DISTRICT— 
Because of our 
success in similar 
plants, I called 
on this eandy 
manufacturer 
several months ago to investigate the 
possibilities of savings through scrap 
sugar recovery. 


I found that their scrap accumu- 
lated from batch ends, imperfect 
pieces, etc., at a weekly average of 
6000 Ibs. Of this total, 1800 lbs. is 
clean scrap which they had been re- 
turning to the sugar refinery in ex- 
change for new sugar at a differential 
of 1¢ per lb. The balance of 4200 lbs. 
is colored and had formerly been 
discarded. 

Based on our analysis, which 
showed that appreciable savings 
could be made by filtration and re- 


Oil Refinery Cuts 
Filtering Costs 


(Reported by J-M Engi- 
neer H. N. Haberstroh) 
CHICAGO DIS- 
TRICT— This 
large oil refinery, 
filtering residue 
at 600° F. from 
cracking units 
working on lime- 
neutralized crude, was having trouble 
with high filter-aid costs, short filter- 
screen life and erratic B. S. in filtrates. 


Our engineers corrected the pre- 
coating technique and altered the 
method of steaming the filter cake 
to remove retained oil and to cool 
the filter to a safe temperature for 
opening and cleaning. 

These changes resulted in greater 
filter capacity, longer screen life and 
sizable reductions in the amount of 
filter aid needed. The cost of the 
alterations that made these savings 
was paid for by steam saved alone 
in the first six months. 


covery of waste scrap, they bought 
a filter and some Hyflo Super-Cel 
filter aid. 

The results have been very ‘satis- 
factory. At an overall cost of less 
than '¢ per lb., they are now recov- 
ering all their sugar, both clean and 
colored, at a net saving of about $175 
per week. 


Are You Sure Your Filters Are Working Right? 


Unless you’ve modernized clarifica- 
tion processes recently, there's a 
good chance you can save money by 
calling on the J-M Filtration-Engi- 
neering Service. 

In hundreds of cases like those 
reported here, J-M Engineers have 
stepped up flow rates, improved 


clarity, cut costs. They can show you 
exactly the type and grade of filter aid 
you need for best results in your fil- 
tering... give it to you from the com- 
plete line of J-M Celite Filter Aids. 

For details on Celite Filter Aids, 
ask for brochure DS-450. Jolins- 
Manville, 22 E. 40th St., New York. 


CELITE FILTER AIDS 


FILTER-CEL .. STANDARD SUPER-CEL . . CELITE NO. 512... HYFLO SUPER-CEL ... CELITE NO. 501... CELITE NO. 503... CELITE NO. 535 
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New Titles, Editions and Authors 


THE TooLs oF THE CHEMIST. Their An- 
cestry and American Evolution. By 
Ernest Child. Published by Reinhold 
Publishing Corp., New York, N. Y. 
220 pages. Price $3.50. 

Reviewed by 8S. D. Kirkpatrick 

A CHANCE REMARK by chemistry’s 

leading historian, Dr. Charles A. 

Browne, led to the writing of this little 

book. In a brief footnote to an article 

published in 1932, Dr. Browne men- 
tioned that the story of the early 
development of chemical apparatus “de- 
serves to be written up as a part of 
the history of chemical education in 

America.” That challenge was accepted 

by Ernest Child, president of H. Reeve 

Angel & Co., who for more than 30 

years has been associated with manu- 

facturers and ‘dealers in laboratory 
equipment both in America and in 

Europe. 

What resulted was an intensely in- 
teresting history of the men whose 
names will always be associated with 
the chemical laboratory. Liebig for his 
original condenser, Hempel for his gas 
analysis apparatus, Kjeldahl for nitro- 
gen determination, Kipp for gas gen- 
erator, Buchner and his funnel, Geiss- 
ler and the Sprengel-Geissler pump that 
was used by Edison in evacuating the 
first electric light bulb — behind each 
of these is a personality and a story 
that the author has told with rare 
brilliance. 

More than half the book deals with 
the ancestry and development of Ameri- 
can chemical laboratory apparatus and 
particularly of the firms that as dis- 
tributors of such supplies contributed 
their part to the development. 

Those of us who are interested in 
the history of chemistry and its related 
industries and professions are indebted 
to Dr. Browne for having catalyzed 
this chemical reaction. Chemical en- 
gineers would welcome a similar stimu- 
lation that might result in a compara- 
ble history of the larger tools such as 
the equipment and machinery of the 
unit operations and processes. 


ABOUT JOBS 


ENGINEERING OPPORTUNITIES. Edited 
by R. W. Clyne. Published by D. 
Appleton-Century Co., New York, 
N. Y. 397 pages. Price $3. 

IN AN interesting foreword, Dr. Karl 

T. Compton writes: “We owe the 

authors of this book a real debt of 

gratitude for bringing together a bird’s- 
eye view of the fields of engineering 
for all of those who are interested in 
making its closer acquaintances.” Thus 
is made easier the work of all who are 
called upon to help the young man in 
choosing the right career. 

Twenty-six well-informed engineers 
contribute as many chapters on the 
opportunities that exist in their fields 


—ranging from the aluminum industry, 
so interestingly portrayed by S. K. 
Colby, vice-president of the Aluminum 
Co. of America, all the way through 
to mechanical vibrations as a special- 
ized industrial application of physics, 
described by Leonard C. Peskin, re- 
search engineer of the American Steel 
& Wire Co. 

Chemical engineers will be directly 
interested in chapters on food tech- 
nology, glass, petroleum industry, plas- 
ties, refrigeration and air condition- 
ing, the rubber industry and indirectly, 
in practically every other chapter be- 
cause this is a book that presents all 
engineering opportunities where it 
finds them. 


HANDBOOK OF CHEMICAL MICROSCOPY, 
Vol. II, Second Edition. By 2. M. 
Chamot and 0. W. Mason. Published 
by John Wiley and Sons, New York, 
N. Y. 438 pages. Price $5. 

SINCE the second edition of Vol. I 

of this microscopists’ Bible appeared, 

the revision of Vol. II has probably 
been impatiently awaited by hundreds 
to whom microscopy is vocation, avoca- 
tion or both. Nor is anyone going to 
be disapopinted. Side-by-side compari- 
son of the two editions reveals numer- 
ous additions by which the newer im- 
proves upon its predecessor. For ex- 
ample, the book now contains more 
recent discoveries concerning such mat- 
ters as the triple acetates of lithium, 
sodium fluogermanate, reactions with 
diphenylcarbazide, separation of colum- 
bium and tantalum, separation of 

halates and many other small but im- 

portant improvements. There are 48 

new photomicrographs, most of them 

being of crystals formed with organic 
reagents such as tetraethylammonium 
chloride, hexanitrodiphenylamine and 
nitrobarbituric acid. The reproduction 
of these illustrations is much clearer 
than in the old edition. The new book. 
in order to accommodate all the new 
material without unduly increasing its 
size, is printed in entirely legible but 

slightly smaller type and there are a 

few more lines per page. 


RuBBER LATEX. By H. Stevens and W. 
Stevens. Published by Chemical 
Publishing Co., New York, N. Y. 
224 pages. Price $2. 

Reviewed by D. F. Othmer 

THIS book is evidently a reprint of 

the Fourth Edition of what the authors 

call “this small pamphlet ... on La- 
tex.” They make no claim to treating 
the subject completely or exhaustively, 
as they state that such treatment would 
be impossible within the limits set, 
some 200 pages. There seems no rea- 
son to cal] this, as is done on the title 
page, “the first American edition,” 
since it has no features peculiar to this 
country at all. It does have over 
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one hundred pages of abstracts of 
British patents referring to Latex but 
there is no similar abstracting of 
United States patents. The book does 
seem to fulfill the need of a brief in- 
troduction to the subject matter of 
Latex and this is particularly im- 
portant in this country at the moment 
when it is considered that over sixty 
million pounds of Latex were imported 
in 1939 as compared to less than half 
as much for the previous year, the in- 
crease being due largely to the develop- 
ment of cushioning material. There is 
a discussion of the source and produc- 
tion of Latex, its properties, concentra- 
tion, manipulation and compounding, 
stabilization, and vulcanization. Other 
chapter describe the manufacturing 
from Latex by dipping and electro- 
deposition, the application and market- 
ing of Latex products, and the English 
patent abstracts with a good index to 
both patents, patentees, and the text 
as a whole. 


BOILER WATER 


Borter Freep WaTER TREATMENTS. By 
F. J. Matthews. Published by Chem- 
ical Publishing Co., New York, N. Y. 
319 pages. Price $5. 

Reviewed by H. T. Hotchkiss, Jr. 
ORIGINATING in Great Britain, this 
book pays tribute to the strong attack 
America has made on water condition- 
ing problems by referring, in the ma- 
jority of cases, to the literature of the 
United States. The author has at- 
tempted the difficult task of translat- 
ing advances in a complex technology 
into terms which the “small average” 
steam plant operator may understand. 
As chapters progress, simplicity is 
abandoned for discussions of colloidal 
theory, ionic theory, electrochemical 
reaction, pH, thermodynamics and so 
on. 
The book has undergone real revision 
to include many recent topics such as 
carbonaceous zeolites, threshold treat- 
ment, siliceous impurities and “starva- 
tion” treatments combining the bene- 
fits of organic colloidal matter with 
those of inorganic chemicals. Slime in 
condenser circulating systems is at- 
tributed to algae rather than to slime 
bacilli and control by chloramination 
receives no mention. Readers are cau- 
tioned that where supplementary calcu- 
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FLETCHER WORKS PHILADELPHIA 
SCHR AND UMUINGER ARLIGHED 1850 


> HOW TO USE PHYSICAL CHEMICAL 


METHODS 


: TO CONTROL AND PREDICT 


THE DIRECTION AND YIELD OF 
CHEMICAL REACTIONS 


; Just Out! 


HIS book presents the results of the appli- 
cation of physical chemical methods to the 
y problems of the equilibrium, the rate and the 
ah mechanism of the reactions of organic chemis- 
be try, that is, to the prediction of the direction and 
the yield of the organic chemist’s procedures. 
The material, most of it the result of very 
recent theoretical and experimental discoveries, 
and available only in the periodical literature, 
is of great importance to both physical and 
organic chemists. 


Physical Organic Chemistry 


By LOUIS P. HAMMETT, Professor of Chemistry, 
Columbia University, 404 pages, illus., $4.00 = 


You will want to look up in this book: 


—the simplified presentation of valence theory 
in the light of results of quantum me- 
chanics; 


—the proton transfer theory of acids and 
bases and the Bronsted theory of catalysis; 


—the effect of structure on reactivity; 


—a survey of the mechanisms of organic 
chemical reactions. 


SEE IT 10 DAYS—MAIL THE ON-APPROVAL COUPON 


panied by remittance.) 


McGRAW-HILL BOOK CO., INC., 330 W. 42nd St., N. ¥. C. 
Send me Hammett—Physical Organic Chemistry for 10 days’ examination on approval. In 10 days 
I will send $4.00, plus few cents postage, or return book postpaid. (We pay postage on orders accom- 


""* (Books sent ‘on approval in U. S. and Canada only.) 


lations have been given, the British 
gallon has been utilized. Only the 
weight relationship to the U. S. gallon 
is given in the conversion tables of the 
appendix. Critical comments on the 
comparative merits of methods out- 
lined has not been given. The space 
given to analysis and routine testing 
might well have been curtailed to a 
simple list of source materials and the 
saving utilized in amplification of part 
[I on natural water supplies. 


ANALYSIS AND VOL- 
umMeETIC Error. By Hdward J. Con- 
way. Published by D. Van Nostrand 
Co., New York, N. Y. 306 pages. 
Price $6. 

Reviewed by @. F. Kinney 

THE DOUBLE TITLE of this treatise 
perhaps indicates something of its na- 
ture; the author in one book is con- 
tributing to the field of microchemistry, 
theoretical volumetric analysis and bio- 
chemical practice. 

Micro-diffusion methods can to a 
certain extent replace distillation 
methods, particularly in the determina- 
tion of ammonia, carbon dioxide or 
halogen. The transfer of gas from 
treated sample to absorbing liquid is 
complete in an hour or so when 
small samples are used, and the rest 
of the procedure involves only a back 
titration or perhaps a colorimetric run. 
While this may take longer than is 
required for a distillation and back 
titration, the diffusion takes place 
completely unattended and there re- 
sults a net saving of labor, time and 
apparatus in routine work. The com- 
plete theory of the micro-diffusion 
method is given and its advantages and 
limitations presented. The apparatus 
and manipulative details for represen- 
tative analyses, particularly those of 
biochemical importance, are described 
in the apparently standardized micro- 
chemical manner. 

Nearly half the book is devoted to an 
exhaustive theoretical study of the 
errors of volumetric procedure, both 
macro and micro. The author draws 
practical conclusions from the study 
and ample experimental support is fur- 
nished. Here are both theoretical and 
experimental answers (and they agree) 
to the question “Should the last drop 
in a pipette be blowr out ?” 

This study of volumetric error per- 
mits a rational approach to the prob- 
lems of design and use of pipettes and 
burettes; both equipment manufactur- 
ers and research workers can well bene- 
fit by the principles laid down. For 
example, by careful adherence to these 
principles the author indicates how to 
perform volumetric analyses at the one- 
tenth milliliter level with the same 
relative precision that is possible wit! 
a macro 25 milliliter titration. The 
effect of dilution on precision is then 
considered and the ultimate limit of 
acid-base titrations investigated. 

The volume is well indexed, and con 
tains a number of diagrams, pictures 
and a selected list of references. It i- 


| a worthwhile addition to the literature 
| of analytical chemistry. 
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PracticaAL MrcroscoricAL METALLO- 
GRAPHY, Third Edition. By R. H. 
Greaves and H. Wrighton. Published 
by D. Van Nostrand Co., New York, 
N. Y. 272 pages. Price $6.50. 

METALLOGRAPHY is the study of the 
effect of structure and composition on 
mechanical and physical properties of 
metals and alloys. The term implies 
neither visual nor microscopical meth- 
ods of examination but embraces all 
methods of study of structure and com- 
position. This book is concerned, how- 
ever, With this examination with the 
aid of a microscope and shows how me- 
chanical properties such as hardness, 
ductility and the like may be corre- 
lated with microstructure. Divided 
roughly into thirds, the book covers 
microscopy, alloys of iron, and other 
metals and alloys. Discussions are 
complete and well illustrated with 
drawings and photomicrographs. The 
latter are clear, numerous and = sep- 
arately indexed which should make the 
book a handy reference. 


ere’s the 


FERTILIZERS 


AMERICAN FERTILIZER PRACTICES (SEC- 
OND Survey). By H. R. Smalley, 
Robert H. Engle, and Herbert Wil- 


lett. Published by The National . 
Fertilizer Association, Washington, 
D. C. 128 pages. Price $1. (50 “ 


cents to members). 
THIS IS A REPORT relating to the 
use of commercial plant food present- | 
ing information obtained by a survey 
among 32,000 farmers in 35. states. 
The various subjects discussed give an 
excellent idea regarding the present 
status of the fertilizer business and its 
important trends both in agriculture 
and in the use of chemical materials. 


~ 


‘ALCIUM SUPERPHOSPHATE AND Com- 
POUND FERTILISFRS. By P. Parrish 
and A. Ogilvie. Published by Hutch- 
inson’s Scientific & Technical Publi- 
cations, London. 322 pages. Price, 
35 shillings. 


Reviewed by A. M. Fairlie F YOUR motors are sluggish—if your 
“ARTIFICIAL FERTILISERS,” by the dent coum te have. the 


same authors and published in 1927, is brilliance they should, then the chances 


the predecessor of the book under re- ot Ger: tom h 

view, and has been regarded as the 
standard British work on the manufac- a bad case of undervoltage. And it s 
ture of superphosphate and mixed fer- | tem to one that the most economical, 
tilizers for the past twelve years. This | effective remedy is to install one of our 


new edition, under a different title, is | mew industrial-type voltage regulators. 


something more than a mere revision These regulators—T ype AIRS—auto- 
of the earlier work. There has been matically maintain the proper voltage 


some consolidation and condensation of . 
; us keeping lam and motors 
the old subject matter, and where neces- th ping 7 d ” 


sary, the text has been re-written to operating at peak efficiency and —_ 
bring the descriptions into accord with tributing to increased production. 

current practice. The chapters on Type AIRS regulators are easy to 
“The Mining and Treatment of Phos- install—they’re air-cooled and require 
phate Rock,” on “Screening and Sepa-| no fireproof enclosing vault. You can 
rating,” on “Complete Grinding In- put them anywhere, even on overhead 
‘tallations” and on “The Trend of Fu- | platforms if floor space is at a premium. 


ture Developments” do not appear as ’ : ee 
Separate chapters in the new edition; They re available for circuits from 


the treatment of “Mechanical Dens and 
Excavators” has ben altered to com- 
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These G-E air-cooled ~ 
ulators assure proper vo 
age ona circuit in 
mill of Hanes Hosiery 
Mills Company, Winston- 
Salem, N. C. 


120 to 600 volts, in ratings from 1.2 to 
12 kva. 

Ask your G-E representative for com- 
plete information or write today for 
Bulletin GEA-3057. Address General 
Electric, Schenectady, N. Y. 


A Few of the Industries Already 
Using These Profit-building 


Regulators 
Oil refineries Testing laboratories 
Chemical plants Construction contractors 
Foundries Glass manufacturers 
* Oil pipe lines Radio manufacturers 
Radio stations Refrigerator manufacturers 


Lamp manufacturers Valve manufacturers 


Special AIRS regulators can be used 
to control current, temperature, or any 
other variable which can be made to 
depend upon voltage. 


prise two chapters, one on batch types 
and the other on continuous types of GENERAI ' E] EC | RIC 
den equipment; new chapters have been a 


mtroduced on “The Oberphos Process,” 


- 
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Profitable investment for Cranberry Canners, Inc. 
of South Hampton, Mass.—a 25-kva Pyranol 
transformer installed indoors sear the load 
center without a vault 


WITH G-E PYRANOL 
TRANSFORMERS 
INSTALLED INDOORS 


at Load Centers 


71 You cut installation costs 


e Pyranol transformers can be 
installed anywhere in the plant 
without a vault because Pyranol, 
the cooling and insulating liquid 
with which they are filled, is 
noninflammable. 


You reduce power-distribution losses 
y By installing Pyranol transformers right at load centers—even 
on overhead platforms if floor space is at a premium—you elimi- 
nate the need of long, expensive secondary feeders and cut copper 


losses to the minimum. 


3 You save on maintenance 


Because Pyranol is nonsludging and because Pyranol trans- 


formers are built with pressure- 
tight tanks to prevent evapora- 
tion and contamination, mainte- 
mance is much less than on oil- 
filled transformers. 


It will pay you to investigate the 
possibilities of economical load- 
center distribution with Pyranol 
transformers. Ask your G-E repre- 
sentative for complete informa- 
tion, or write for Bulletin GEA- 
2637. General Electric Company, 
Schenectady, N. Y. 


These 200-kva Pyranol transformers are installed 
in the motor room of the new cold-mill addition 
to the McLouth Steel Corporation plant, Detroit, 
Mich. They meant savings in installation costs, 
feeder costs, and copper losses, because Primary 
power was brought right to the load 


ELECTRIC 
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“The Artificial Drying of Superphos- 
phate” and “The Crystallisation and 
Fertiliser Products.” Chapter XVII of 
the earlier work on the “Design of an 
Artificial Fertiliser Works” has been 
recast to include consideration of the 
structure of the British superphosphate 
industry. This new edition will no 
doubt retain the prestige of its pre- 
decessor. 

Besides the new and re-written chap- 
ters mentioned, this new edition pre- 
sents chapters giving a general survey 
of the fertilizer industry and of the 
world’s supply of phosphatic minerals. 
and a discussion of the history and 
chemistry of superphosphate manufac- 
ture. Then follow chapters on rock 
crushing and grinding equipment and 
on wet mixing equipment. Other sub- 
jects considered, in three separate 
chapters, are the treatment of noxious 
gases, superphosphate storage and dry 
mixing systems. After these come 
chapters on “The Manufacture of 
Phosphoric Acid and Double Super- 
phosphate”; “Manufacture of Bone 
Superphosphate”; “Manufacture of 
Basic Slag”; and “Mechanical Hand 
ling of Raw Materials and Products.” 
The book closes with an Appendix con- 
taining some useful technical tables, 
conversion factors and statistics quoted 
from British census reports. 

While this work naturally deals pri- 
marily with British practice, it is not 
parochial in its scope. Such American 
developments as the Oberphos process, 
the Broadfield and Sturtevant super- 
phosphate dens, plant equipment manu- 
factured hy Dorr, Jeffrey, Tyler and 
others, and T.V.A. procedure are in- 
cluded. America is conceded to have 
“led the way” in the compounding of 
artificial manures. 

The following items attracted the re- 
viewer’s attention as being of special 
use or interest: a series of tables show- 
ing the quantities of sulphurie acid of 
various strengths required per unit of 
various components of phosphate rock; 
specifications of the British alkali in- 
spector on plant for the adequate treat- 
ment of noxious gases; the manufac- 
ture of sodium silicofluoride; an inter- 
esting diagram showing which fertilizer 
materials may be mixed and which 
should not be mixed; lists showing the 
appropriate composition of fertilizer 
mixtures for various crops; tables 
showing the annual production of sul- 
phurie acid and the tonnages of raw 
materials used in the United Kingdom, 
years 1934-38; a detailed description 
of the Harris dust-suppressing mechan- 
ical furnace for roasting spent oxide, 
pyrite fines, etc.; and the design man- 
agement of a superphosphate works, in- 
eluding a sulphuric acid plant. It is 
unfortunate that the misleading table 
of Kreps on sulphurie acid manufac- 
turing costs, based as it is on faulty 
data and forced into balance, was re- 
produced. 

The proof-reading has been excep 
tionally well done, and the type ind 
printing are excellent. The index, on 
the other hand, is incomplete, and de- 
ficient in cross references. The book 
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is printed on paper of extraordinary 
weight and thickness, and as a result 
weighs 4 lbs., 6 oz. A 322-page book 
of such weight is not, strictly speak- 
ing, a hand book. 

This new edition of an established 
work is recommended to all interested 
in the production of superphosphate or 
phosphatic fertilizers, or their raw ma- 
terials or by-products. 


WORK SHOP CHEMISTRY 


MONEY-MAKING FoRMULAS. by 
©. A. Crowley. Published by Popu- 
lar Mechanies Press, Chicago, Il. 
480 pages. Price $4.35. 

HOW TO MAKE things is a fascinat- 

ing study for a large percentage of the 

American public. None has reason to 

know that better than the editors of 

“Popular Mechanics” whose readers 

have long been asking how to make and 

do things involving chemistry. 

To help to meet a need, they directed 
Mr. Crowley of the Technical Service 
Bureau, Inc., of Chicago, to compile as 
much thoroughly practical information 
as could be gotten into a 500-page book 
which would help the man who is more 
interested in the “how” than the “why” 
of chemical manufacturing. Not con- 
tent, however, with publishing the 
usual type of formulary, of which there 
are already a number available, Mr. 
Crowley has added chapters on the 
development of new materials and 
products, on patents, trade-marks and 
copyrights, and supplemented it by a 
comprehensive index and a “Chemical 
Dictionary and Supply Directory.” 
The dictionary and directory are much 
less comprehensive than many other 
volumes that are available, but they 
should prove useful and a welcome 
“dividend” on a good investment in the 
non-technical practices of work-shop 
chemistry. 


PROCEDURE HANDBOOK OF ARC WELDING 
DESIGN AND Practice. Sixth edition. 
Published by the Lincoln Electric Co., 
Cleveland, Ohio. 1117 pages. Price 
$1.50. 

EARLIER editions of this encyclopedic 
handbook are undoubtedly familiar to 
all designers and manufacturers who 
use are welding in any way. This new 
edition has about 20 per cent more 
material than the preceding edition, an 
indication of the advances made in 
the art during the past two years. 


ADVANCED READINGS IN CHEMICAL AND 
TECHNICAL GERMAN. Selected and 
edited by J. T. Fotos and R. N. 
Shreve. Published by John Wiley 
and Sons, New York, N. Y. 347 
pages. Price $2.50. 

OONCLUDING the series of four chemi- 

cal and technical graded readers, a 

series designed to facilitate study of 

German for chemical engineers and 

other students, this book contains 

selections from practical and widely 
used German reference books such as 

Beilstein, Gmelin and Ullmann. Graded 

according to difficulty and presented 

exactly as originally written, the selec- 
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AMERICAN CRUSHERS 


say USERS... 


Here's why: 
@low power con- 
sumption 

@low maintenance 


@wide operating 
range 

@uniform product 
with minimum 
fines 


% Original features embodied in the AMERICAN ROLLING RING 
CRUSHERS make them outstanding crushers for all kinds of chemical raw 
materials. Simplicity of construction and operation, accessibility of all 
parts, and flexibility on the job give real economy in operation. Tell us 
what you want to grind and we will show you how AMERICAN 
CRUSHERS will work to your advantage. Ask for descriptive literature 
on the ¢ 
testing p 


ype of equipment best suited to your needs. Make use of our 
ant which is maintained for prospective users of our equipment. 


AMERICAN PULVERIZER CO. 


1219 MACKLIND AVE. * ST. LOUIS, MO. 


TE 
confront industry. -- 
Yo Prevention of Bacterial 
Control of Slime in Heat 
_e Chemical Correction of P 


ane 
TREATMENT PROBLEMS 


e Units 


WATER TREATMENT! 
is the answer ni Losses 
in Production Los 


i these and 
W & T have specialized in the solution of 
similar water treatment — W & T to solve yours: 
You incur no obligation by inviting i of there booklets: 
ou Send for free copies of any or all 0 acsearch Publication 327. 
Mills, Its Origin and Prevention’ 468. 
Condenser i — Technical Publication 
ang in Water 
“The Role 


For 27 years 
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April 2, 1940 


B. F. NELSON MFG. CO. 
(makers of roofing materials) 


“Among more than 100 
Howell motors in our plant 
is a 5 HP totally-enclosed 
type which has been in con- 
tinvous service over 14. 
years, and has not required 
a single repair in all that 
time. 


NO Dust, 
NO Fumes, 
NO Moisture 


Can injure these 


Totally-Enclosed, 
Fan-Cooled 
Motors 


In your industry— 
where ordinary 
motors are often 
short-lived — GREAT 
SAVINGS can be 
made by switching 
to HOWELL Type Ks. 

Consider the case 
history above—over 
14 years continuous 
service, yet NOT ONE repair!—and on 
a job where ordinary open type motors 
didn't last two months! 

Think how many, many times this HOWELL 
Type K Motor has paid for itself—how many 
production losses eliminated because of NO shutdowns. 

Write for Bulletin K—learn why these totally-enclosed, fan-cooled 


motors out-perform and out-last ALL other types—and bring your 
drive costs DOWN to rock bottom. 


Tae 
HOWELL ELECTRIC MOTORS COMPANY 
HOWELL, MICHIGAN 
Representatives In All Principal Cities 


“This motor is installed in 


tough job. In fact, so tough 
that other open type motors 
used to burn out at the rate 
of one every two months." 


Paul M. Tibou, 


Sizes, 
Y_ to 100 HP 
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@ very dirty, dusty place — - 


tions will not only serve to teach the 
language but also present up-to-~late 
chemical facts. In addition to the 
well annotated readings, the book con- 
tains an exposition on the main read- 
ing difficulties encountered in technical 
scientific German, a list of 2,250 words 
selected on a frequency basis and a 100- 
page vocabulary. 


CHEMICAL CALCULATIONS, Fourth Edi- 
tion. By J. 8. Long and H. V. An- 
derson. Published by MeGraw-Hill 
Book Co.. New York, N. Y. 266 
pages. Price $1.75. 

RETAINING all the tested and ac 
cepted features of the previous editions, 
this revision has been made more 
usable by the addition of new material 
and some rearrangement of the old. 
From a chemical engineering viewpoint 
the book is much improved by the ad- 
dition of material of less theoretical 
and greater engineering importance; 
for example, under specific gravity 
there is now included discussion of 
the Baume and A. P. I. seales. While 
the number of problems (845) is not 
much of an increase, there are many 
new ones, some of the less important 
from the previous edition having been 
omitted. 


ORGANIC SYNTHESES, Vol. 20. Edited 
by C. F. H. Allen. Published by John 
Wiley and Sons, New York, N. Y. 
113 pages. Price $1.75. 

REGULARLY published, the books of 
this series give explicit directions for 
laboratory preparation of various or- 
ganic compounds. Volume 20 contains 
directions for 39 such compounds, 
among them are acetylacetone, dime- 
thylethynyl carbinol, diphenylketene 
and sodium amide. Procedure in all 
cases has been checked. 


Inpex TO A.S.T.M. STANDARDS AND 
TENTATIVE STANDARDS. Published 
by American Society for Testing Ma- 
terials, Philadelphia, Pa. 152 pages. 
Gratis. 

ALL OF the A.S.T.M. standards as of 
Jan. 1, 1940 are here indexed and cross- 
indexed. This booklet will be of interest 
to those who may wish to know whether 
or not the Society has issued standard 
specification, test mtthods or defini- 
tions covering a particular engineering 
material or subject. 


NATIONAL Fire CopEs FOR THE PRE 
VENTION OF Dust ExpLosions. Pub- 
lished by the National Fire Protec- 
tion Association, Boston, Mass. 136 
pages. Price $0.75. 

INCLUDED in this single volume are 

the 11 American Standard Codes for 

the Prevention of Dust Explosions, 
statement of fundamental principles of 
dust explosion prevention in industrial 
plants and a record of some 670 dust 
explosions which have occurred in thie 

United States. The importance of tle 

subject is indicated by the aggregate 

loss from these explosions 
amounts to $1,600,000 and the death or 
injury of 94 persons. 
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GOVERNMENT PUBLICATIONS 


Documents are available at prices indicated from Superintendent of Documents, 
Government Printing Office, Washington, D. C. Send cash or money order; 
stamps and personal checks not accepted. When no price is indicated, pam- 
phlet is free and should be ordered from bureau responsible for its issue. 


Trade Agreement Reports. The U.S. 
Tariff Commission is issuing a series of 
reports on industries affected by the 
trade agreements program. Those is- 
sued thus far are on: Tobacco and 
Tobacco Manufactures; Sugar; Fats, 
Oils, Waxes, and Oil-Bearing Materials; 
Glass and Glassware; Pottery; Dairy 
Products. Available on request from 
Tariff Commission, Washington, 

Fumigation of Vetch Seed for the 
Vetch Bruchid, by A. C. Johnson, et al. 
U. S. Department of Agriculture. Cir- 
cular No. 555; 5 cents. 

The Peanut Industry, A Selected List 
of References on the Economic Aspects 
of the Industry, 1920-1939. Bureau of 
Agricultural Economics, Agricultural 
Economics Bibliography No. 80; mimeo- 
graphed. 

Reducing Dust Explosion Losses in 
Industrial Plants, by David J. Price. 
Address before Fire Prevention Session, 
11th Annual Safety Convention, Greater 
New York Safety Council. Bureau of 
Agricultural Chemistry and Engineer- 
ing, ACE-35; mimeographed. 

Chemical and Mechanical Methods of 
Ribes Eradication in the White Pine 
Areas of the Western States, by H. R. 
Offord, G. R. Van Atta, and H. E. Swan- 
son, U. 8S. Department of Agriculture, 
Technical Bulletin 692; 15 cents. 

Two Rapid Methods for Estimating 
Fineness and Cross-Sectional Vari- 
ability of Wool, by J. 1. Hardy and 
H. W. Wolf. U. S. Department of 
Agriculture, Circular 543C; 5 cents. 

Behavior of Boron in Soils, by Frank 
M. Eaton and Week: & 
Department of Agriculture, Technical 
Bulletin 696; 15 cents. 

Chart Analysis of Federal Food, 
Drugs, and Cosmetic Act. A schematic 
presentation to facilitatate finding of 
Significant sections of the law accord- 
ing to subject. Each section of the 
chart quotes the applicable text of the 
law. This chart is available for limited 
distribution only from the Consumers 
Standards Project, Consumers’ Counsel 
Division, Agrciultural Adjustment Ad- 
ministration, Washington, D. C. 

Simultaneous Production of Wood 
Pulp and the Conversion of the Non- 
cellulosic Constituents of Wood into 
Alcohols, Oils, and Resins, by Elwin E. 
Harris and E. C. Sherrard. Available 
from Forest Products Laboratory, U.S. 
Department of Agriculture, Madison, 
Wisconsin. 

Hydrogenation of Lignin in Aqueous 
Solutions, by Elwin E. Harris, Jerome 
Saeman, and E. C. Sherrard. Available 
from Forest Products Laboratory, U.S. 
Department of Agriculture, Madison, 
Wisconsin. 

Survey of Current Business, February 
1940. This issue is the Annual Review 
Number, summarizing the changes which 
occurred in major fields of business dur- 
ing 1939. Bureau of Foreign and Do- 
mestic Commerce; 15 cents. 

Investigation of Concentration of 
Economic Power, Part 10—Life Insur- 
ance. Hearings before Temporary Na- 
tional Economic Committee on life in- 
surance, including intercompany agree- 
ments, terminations, savings bank insur- 
ance, and legislative activities. 

Decisions and Orders of the National 
Labor Relations Board, Volume 14, Au- 
gust 1-31, 1939. National Labor Rela- 
tions Board; $1.75 (cloth). 

Written Trade Agreements in Collec- 
tive Bargaining. National Labor Rela- 
tions Board, Division of Economic Re- 
search, Bulletin No. 4; 35 cents. 

Statistics on Whiskey, Rum, and 
Brandy, from January 1 to December 
$1, 1939, Federal Alcohol Administra- 
tion, Treasury Department; mimeo- 
sraphed. 

Regulations 106, relating to the em- 
loyees’ tax and the employers’ tax 
inder the Federal Insurance Contribu- 
‘ons Act. Bureau of Internal Revenue, 
‘reasury Department; 15 cents. 


The Code of Federal Regulations of 
the U. 8S. A. Having General Applica- 
bility and Legal Effect in Force June 1, 
1938. Volume 7—Title 26—Internal 
Revenue. This volume consists of two 
books, sold in sets only, at $4.50 per 
set (buckram). 

Milk Ordinance and Code, Recom- 
mended by the United States Public 
Health Service 1939. U. 8S. Public 
Health Service, Bulletin No. 220 (1939 
Edition) ; 35 cents. 

Index of United States Army and 
Federal Specifications Used by the War 
Department. War Department; 25 
cents. 

Federal Specifications. EE-L-101a, 
Amendment 2, Lard Substitutes. TT-V- 
8la, Varnish; Mixing (for) Aluminum 
Paint. O-P-106, Paste; Linoleum. TT- 
P-156, Paint, white-lead-base; basic- 
carbonate, ready-mixed, light-tints and 
white. QQ-A-37la, Aluminum-alloy ; in- 
gots. These specifications are 5 cents 
each. 


Motor Carrier Safety Regulations 
Governing the Transportation of Ex- 
plosives and Other Dangerous Articles. 
Interstate Commerce Commission, Ex 
Parte No. M. C.-13. Published in Fed- 
eral Register, April 23, 1940; 10 cents. 

Performance Test of Floor Coverings 
for Use in Low-Cost Housing: Part 2, 
by Percy A. Sigler and Elmer A. 
Koerner. National Bureau of Standards, 
BMS Report 43; 10 cents. 


Literature on Drycleaning. National 
Bureau of Standards, Letter Circular 
583; mimeographed. 

List of Commercial Standards, Re- 
vised to January 1, 1940. National 
Bureau of Standards, Letter Circular 
579; mimeographed. 


Ground and Polished Lenses for Sun 
Glasses. National Bureau of Standards, 
Commercial Standard CS78-39; 5 cents. 


Heat of Fusion of Ice. A Revision, 
by Nathan S. Csborne. National Bureau 
of Standards, Research Paper 1260; 5 
cents. 


Railway Track Scale Testing Service 
of the National Bureau of Standards, 
Fiscal Year 1939. National Bureau of 
Standards, Letter Circular 580; mimeo- 
graphed. 


Annual Report of the Petroleum and 
Natural-Gas Division, Fiscal Year 1939, 
by R. A. Cattell and Others. Bureau 
of Mines, Report of Investigations 3501; 
mimeographed. 

Annual Report of Research and Tech- 
nologic Work on Coal, Fiscal Year 1939, 
by A. C. Fieldner and R. E. Brewer. 
Bureau of Mines, Information Circular 
7105; mimeographed. 


Hydrogenation and Petrography of 
Seme Low-Rank Coals from the West- 
ern United States, by A. Eisner and 
others. Bureau of Mines, Report of 
Investigations 3498; mimeographed. 


Combustibility of Coke in Air, by R. 
E. Zane and H. F. Yancey. Bureau of 
Mines, Report of Investigations 3499; 
mimeographed. 


Application of Well-Test Data to the 
Study of a Specific Gas-Production 
Problem, by M. A. Schellhardt, E. J. 
Dewees, and W. H. Barlow. Bureau of 
Mines, Report of Investigations 3493; 
mimeographed. 


List of Bulletins of the Agricultural 
Experiment Stations for the Calendar 
Years 1937 and 1938. By C. E. Penn- 
ington. All papers issued in the two 
years 1937 and 1938 are listed three 
ways; first by bulletins, second by 
authors and third is an index of sub- 
jects. Miscellaneous publication No. 
362; 15 cents. 


Effect of Fluorides on Salivary Amy- 
lase, by F. J. McClure, Public Health 
Service, reprint No. 2116; 5 cents. 


Supplement to List of Publications 
Bureau of Mines, July 1, 1938 to June 
30, 1939. A list of publications, together 
with author and subject indexes. Bureau 
of Mines unnumbered pamphlet. 
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SIMPLEX 
METERS 


THE UTMOST IN ACCURACY 


accuracy of plant flow 

metering equipment is of prime 
importance if economical opera- 
tion of all functions is to be ob- 
tained. Hand in hand with these 
requirements, however, must go 
low maintenance costs and sim- 
plicity of testing methods. 


Simplex flowmeters combine in 
their design these functions. Let 
Simplex instruments aid you in 
solving your flow measuring and 
control problems. 


Write for Data 


SIMPLEX 


VALVE & METER CO. 


68th and Upland Streets 


PHILADELPHIA, PA. 
District Offices in Principal Cities 
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Have you a 
GRANULATING 


Problem? 


@ The reduction of any raw material to a 
granular form is a job that can be done in 
a variety of ways. Selection of the type of 


machine that will 
yield least fines, de- 
liver greatest pro- 
duction per horse- 
power spells the 
difference between 
profitable and 
wasteful operation. 


@ Sprout, Waldron & Co., Inc., as the one 
manufacturer supplying the greatest number 
of types of reduction machines, feels that it 
is in most advantageous position to recom- 
mend a particular type of machine for your 
purpose. Its flexibility of adjustment makes 
the Sprout-Waldron Attrition Mill widely ap- 
plicable where rigid control of particle size 
is necessary. Where gradual reduction of 
particle size proves most advantageous, 
Sprout-Waldron Roller Mills are a logical 
choice. Clean-cut, smooth particles of uni- 
form size and with a minimum of fines are 
produced on Sprout-Waldron Rotary Knife 
Cutters. Reduction of lumpy materia! is the 
major function of the Saw Tooth Crusher. 


@ lf you want a 
granulating opera- 
tion that produces 
fewer fines and re- 
quires less power, 
if you want to re- 


duce the time between raw material and 
finished product, if you want to produce a 
better product at lower cost, put your prob- 
lem up to Sprout-Waldron. Our recom- 
mendation carries no fee or obligation, of 
course. Sprout, Waldron & Co., Inc., 141 
Sherman St., Muncy, Pa. 
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SPROUT, 
WALDRON 


&C0., INC.- MUNCY, PA. 
“MANUFACTURING ENGINEERS 


Since 


MANUFACTURERS’ LATEST PUBLICATIONS 


Publications listed here are available from the manufacturers themselves, with- 
out cost unless a price is specifically mentioned. To limit the circulation of their 
literature to responsible engineers, production men and industrial executives, 
manufacturers usually specify that requests be made on business letterhead. 


Bearings. Bantam Bearings Corp., 
South Bend, Ind.—Bulletin 104—24-page 
bulletin with engineering and applica- 
tion information on special bearings, in- 
cluding quill and needle bearings, ball 
and roller thrust bearings. 


Bearings. Dodge Mfg. Corp., Misha- 
waka, ind.—Bulletin A-325—18-page 
catalog describing this company’s new 
Dodge-Timken Double-Interiock roller 
bearings, applied to pillow blocks and 
other bearing forms, complete with de- 
scription and selection tables. 


Bearings. Johnson Bronze Co., New 
Castle, Pa.—Catalog 400—76-page 1940 
general catalog on this company’s bronze 
sleeve bearings, bushings and bars; also 
babbitt, graphited bronze and  self- 
lubricating bronze. Extensive section 
devoted to electric motor bearings. 


Bearings. Advertising Dept., New De- 
parture Div., General Motors Corp., 
Bristol, Conn.—112-page book entitled 
“Why Anti-Friction Bearings,” present- 
ing a readable impartial discussion re- 
lating to selection of anti-friction bear- 
ings, designed for engineering colleges 
and others needing this type of informa- 
tion. 


Building Maintenance. Filexrock Co., 
2312 Manning St., Philadelphia, Pa.— 
68-page “Handbook of Building Mainte- 
nance,” second edition, giving informa- 
tion on maintenance of floors, walls, 
roofs and other building elements. 


Castings. Thomas Foundries, Inc., 
Birmingham, Ala.—4 pages describing 
Ni-Hard and Ni-Resist castings pro- 
duced by this company. 


Centrifugals. American Tool & Ma- 
chine Co., 1415 Hyde Park Ave., Boston, 
Mass.—8-page bulletin describing vari- 
ous types of centrifugal separator made 
by this company, with information on 
various specialized applications of cen- 
trifugals in chemical processes. 


Chemicals. Glyco Products Co., 148 
Lafayette St., New York 
1940 edition of “Chemicals by Glyco,” 
describing glycol and glyceryl esters, 
emulsifying agents, special emulsions, 
Synthetic waxes and resins and a num- 
ber of specialties. 


Chemicals. Pennsalt Cleaner Div., 
Pennsylvania Salt Mfg. Co. 1000 
Widener Bidg., Philadelphia, Pa.—Leaf- 
let describing this company’s Pennsalt 
concentrated alkaline cleaners for in- 
dustrial use for removal of dirt, oils, 
paint, etc. 


Cleaning. Magnus Chemical Co., Gar- 
wood, N. J.—35-page k on cleaning 
of industrial and other buildings, dis- 
cussed on a case-study basis. 


Condensers. Ingersoll-Rand Co., 11 
Broadway, New York City—Form 2622 
—Describes Type R cross-flow surface 
condensers for high vacuum in small 
capacity ranges. 


Dialysis. Brosites Machine Co., 30 
Church St., New York, N. Y.—8-page 
booklet describing the Webcell continu- 
ous laboratory model dialyzer, made of 
Lucite to permit visual operation. 


Dust Collectors. American Air Filter 
Co., Louisville, Ky.—Bulletin 270—12- 
page booklet on this company’s Roto- 
Clone dust collector, particularly from 
the standpoint of numerous applica- 
tions. 


Electrical Equipment. General Elec- 
tric Co., Schenectady, . Y¥.—Publica- 
tions as follows: GEA-1412B, 1368D, 
3223, describing a variety of vertical 
motors; GEA-2742A, Pyranol low-volt- 
age industrial capacitors; GEA-214D, 
1157C, 1265D, 2592A, 2618A, and 104B, 
bulletins devoted to electric heaters and 
thermostatic controls, including immer- 
sion, strip, space and finned electric heat- 


ing units; GEA-2902B, vacuum tube 
time delay relays; GEA-3345, synchron- 
ous motors; GES-2285, voltage regula- 
tors; Y-072, 4 pages on drying lamps. 


Electrical Equipment. Westinghouse 
Electric & Mfg. Co., Dept. 7-N-20, East 
Pittsburgh, Pa.—Publications as follows: 
Catalog 30-000, 64-page quick-selector 
catalog on apparatus for motor, lighting 
and feeder circuits; booklet 32-100, 
metal inclosed switchgear; DD 3113, re- 
pulsion-induction motors; DD 29-530, 
De-ion circuit breakers; DD 49-120, 
dust-tight capacitors. 


Equipment. Bethlehem Foundry & 
Machine Co., Bethlehem, Pa.—-44-page 
catalog of this company’s process equip- 
ment, including Thermocoil equipment 
for steam and diphenyl heating; nitra- 
tors; reducers; sulphonators; mixing 
kettles; vacuum stills; retorts; auto- 
claves; acid eggs; and production and 
experimental roasters. Also gives a 
group of typical Chem. & Met. Flow 
Sheets, modified to show use of this 
company’s equipment. 


Equipment. Birmingham Tank Coa., 
Birmingham, Ala.—6-page leaflet  il- 
lustrating and describing a variety of 
steel plate work fabricated by this com- 
pany, including rotary dryers, stacks, 
tanks, diffusers, etc. 


Equipment. S. Blickman, Inc., Wee- 
hawker, N. J.—4-page leaflet, briefly 
describing types of industrial equipment 
made by this company for process in- 
dustry use, including evaporators, stills, 
kettles and pressure vessels. 


Equipment. Cochrane Corp., 17th and 
Allegheny Ave., Philadelphia, Pa.—Pub- 
lication 2960—Leaflet describes this com- 
pany’s exhaust head for separating con- 
densate and oil from steam discharged 
to the atmosphere. 


Equipment. DeLaval Steam Turbine 
Co., Trenton, N. J.—Catalog F—52 
pages on centrifugal blowers and com- 
pressors, with information on applica- 
tions, design and construction, methods 
of control and drives, and an extensive 
technical data section on the principles 
of compression of gases. Also reprint 
of an article by F. S. Broadhurst, de- 
scribing this company’s new automatic 
priming system for centrifugal pumps. 


Equipment. Dorex Div., The W. B. 
Connor Engineering Corp., 114 East 32d 
St., New York City—New catalog on 
this company’s odor absorbing equip- 
ment, employing activated carbon. 


Equipment. The Dorr Co., 570 Lex- 
ington Ave., New York City—Bulletin 
5001—8 pages describing this companys 
new Type V diaphragm pump, featuring 
adjustability during operation, low head- 
room and moderate pressure lifts. Also 
12-page pictorial review of this com- 
pany’s manufacturing methods. 


Equipment. First Machinery Corp., 
East 9th St. and East River Drive, New 
York City—6-page newspaper-type bulle- 
tin entitled “First Facts,” describing a 
wide variety of new and used equip- 
ment offered by this company. 


Equipment. The Jeffrey Mfg. Co., 
Columbus, Ohio.—Booklet 733—32-pages 
describing pictorially the wide line of 
equipment made by this company and its 
subsidiaries, including power transmis- 
sion, materials handling and pulverizing 
equipment, mine equipment and road 
machinery. 


Equipment. The Logan Engineering 
Co., 4912 Lawrence Ave., Chicago, Ill.— 
Bulletin 340—4 pages describing this 
company’s Aridifier for removing mois- 
ture, dirt and oil from compressed air 
and gas, by centrifugal action. 


Equipment. The Steel Improvement « 
Forge Co., Cleveland, Ohio—*Boiler anc 
Tank Accessories,” a complete catalog 
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Now!—a complete DATA BOOK 


for the designer and user 


WELDED PIPING! 


Every designer of piping systems — every buyer of 


pipe and fittings—will find the answer to almost 
every possible question about welding fittings and 
forged steel flanges, in this one Catalog and Data 
Book! 


It contains illustrations, tables, drawings, charts 
on such important subjects as the design of 
expansion loops, flow of fluids, properties of 
Pipe, etc.—full information regarding the new 
Schedule Number Method of designating pipe wall 
thicknesses —all important dimensions, weights, 
tolerances and prices on all types of welding 
fittings complete data on forged steel flanges in 
accordance with the new 1939 Standard — 
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—in short, the new Tube-Turn Catalog and 
Data Book No. 109 is 64 pages of the most 
complete and helpful data ever published for 
the buyer and user of welding fittings! 


Mail the coupon for your copy! Your request 
will not obligate you in any way. 


Mail this 


TUBE-TURNS, Incorporated 
228 E. Broadway, Louisville, Ky. 


Please send me, without cost or obligation, a copy of 
the new Tube-Turn Catalog and Data Book No. 109. 


Name 


Firm 


Street 


City State 


* 
; 
2 
4 
/ 
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MODERN ADSORPTIVE DRYERS 


use Silica Gel for 


CONDITIONING OF GASES AND AIR 


382 


Dependable, economical drying even down to extremely low 
dewpoints, is realized through the use of Silica Gel in Mod- 
ern Adsorptive Dryers operating in all types of industries. 


Silica Gel is the most amazing dehydrating agent known 
to science. It is composed of a myriad of ultra-microscopic 
pores, drawing moisture from the gases or liquids under 
treatment by a purely physical action of surface adsorp- 
tion and capillary attraction. 


Complete Silica Gel Adsorptive Dryers are now available, 
designed for your needs by large industrial equipment 
manufacturers of long experience. Find out what is being 
done with Silica Gel in your industry today . . . Write to 
The Davison Chemical Corporation, Silica Gel 
Department, 20 Hopkins Place, Baltimore, Md. 


THE DAVISON CHEMICAL CORP. 


devoted to accessories for fired and un- 
fired pressure vessels, including man- 
hole and hand-hole covers, welding fit- 
tings, forged flanges, gaskets, etc. 


Fans. DeBothezat Ventilating Equip- 
ment Div., American Machine & Metals, 
Inc., East Moline, Ill.—12-page catalog 
describing this company’s “Bifurcator”’ 
ducts-mounted disk fan, with dimension 
and performance information; also 24- 
page catalog on other types of axial 
flow disk fans made by this company, 
with selection and performance infor- 
mation. 


Humidifiers. Armstrong Machine 
Works, Three Rivers, Mich.—Form 130 
—4 pages describing a new unit steam 
humidifier recently announced by this 
company. Table gives steam require- 
ments for humidification under various 
circumstances. 


Instruments. The Bristol Co., Water- 
bury, Conn.—Bulletin 540—Describes 
this company’s  pressure-volume-time- 
temperature recorder for gas, for appli- 
cation to rotary displacement meters. 


Instruments. The Esterline Angus 
Co., Indianapolis, Ind.—Bulletin 939—4 
pages on a variety of applications of the 
graphic wattmeter. 


Instruments. Republic Flow Meters 
Co., 2240 Diversey Parkway, Chicago, 
Ill.—Data Book S-21—90-page book on 
this company’s automatic combustion 
control equipment as applied to all sizes 
of boiler and all types of fuel-firing 
equipment. Describes automatic com- 
bustion control, equipment for its use, 
and also gives numerous detailed reports 
of actual installations classified by fir- 
ing methods. 


Instruments. F. J. Stokes Machine 
Co., Tabor Road, Olney P. C., Philadel- 
phia, Pa.—6-page leaflet on this com- 
pany’s portable McLeod gage for high 
vacuum measurements in plant and 
laboratory. 


Metals and _ Alloys. International 
Nickel Co., 67 Wall St., New York City 
—1l12-page booklet describing properties 
of various nickel alloys including Monel, 
K Monel, R Monel, nickel, Z nickel, 
Inconel and S Monel castings. 


Metal Spray. Master Metal Spray, 
Ine., 2527 Magnolia St., Oakland, Calif. 
—4-page leaflet describing this com- 
pany’s new Speedmaster metal spray 
gun. 


Microscopes. Spencer Lens Co., Buf- 
falo, N. Y.—16-page catalog describing 
a new line of stereoscopic microscopes 
featuring new mechanical improvements 
and available in four different arrange- 
ments, recently announced. 


Mixing. Patterson Foundry & Ma- 
chine Co., East Liverpool, Ohio—Leaflet 
describing this company’s conical blender 
for dry materials. 


Paints. The Skybryte Co., 3125 Per- 
kins Ave., Cleveland, Ohio—Catalog 8— 
16-page book describing this company’s 
range of paints and materials for build- 
ing maintenance, including heat- and 
acid-resisting paints, concrete and stone 
paints, and various other regular and 
special paints. 


Plastics. Carbide & Carbon Chemicals 
Corp., 30 East 42d St., New York City 
—18-page pamphlet on fabricating pro- 
cesses for Vinylite resins with infor- 
mation on properties, molding and fin- 
ishing. 


Power Transmission. Boston Gear 
Works, North Quincy, Mass.—General 
Catalog 53—290-page 1940 edition on 
this company’s power’ transmission 
equipment, giving specifications and list 
prices on stock gears, chain and _sproc- 
kets, motorized and non-motorized speed 
reducers, couplings, universal joints and 
line shaft accessories. Facilitates ap- 
plication calculations. 


Pumps. Fairbanks, Morse & Co., 60 
South Michigan Ave., Chicago, Il!.— 
Bulletin 5972—6 pages on this company 5 
two-stage split-case centrifugal pumps 
for capacities to 550 g.p.m. at heads 
ranging up to 600 ft. total discharse 
head. 


Pumps. Roots-Connersville Blower 
Corp., Turbine Pump Div., Connersv' 
Ind.—Bulletin 260-B15—4 pages descr!0- 
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ing and giving data on a small centri- 
fugal-type jet deep-well pump for below- 
ground heads to 120 ft. 


Rope Clips. Thomas Laughlin Co., 
Portland, Maine—4-page leaflet describ- 
ing a new safety clip for wire rope, 
claimed to be easier to use and not to 
damage the rope. 


Rubber Putty. The B. F. Goodrich 
Co., Akron, Ohio—New catalog section 
on this company’s Plastikon rubber 
putty for luting and sealing against the 
elements and also against corrosive 
chemicals. 


Safety Equipment. The Boyer-Camp- 
bell Co., 6540 Antoine St., Detroit, Mich. 
—Catalog 40—136-page catalog entitled 
“Everything for Safety,” on eye, face 
and head protection, machine guards, 
safety clothing and other equipment. 


Screens. The Orville Simpson Co., 
Cincinnati, Ohio—Bulletin 401—4 pages 
describing this company’s line of Rotex 
gyratory screeners. 


Soaps. The Warwick Chemical Co., 
West Warwick, R. I.—New technical 
bulletin on metallic soaps and their 
uses. 


Tanks. The MHauser-Stander Tank 
Co., Cincinnati, Ohio—Catalog No. 40—- 
100 pages of description and data on 
this company’s wood tanks, agitator 
drives, special linings and accessories, 
with data section on properties and cor- 
rosion resistance of woods. 


Traps. W. H. Nicholson & Co, 
Wilkes-Barre, Pa.—Catalog 240—18 
pages on this company’s steam traps in 
thermostatic, expansion, weight-operated 
and piston-operated designs, with engi- 
neering and application data. 


Traps. Wright Austin Co., 315 West 
Woodbridge St., Detroit, Mich.—Circular 
265—2-page leaflet describing a new 
— for the draining of compressed 
air lines. 


Tube Fabrication. The Parker Ap- 
pliance Co., 17325 Euclid Ave., Cleve- 
land, Ohio—Bulletin 40E—34-page price 
list, discussion and instruction book on 
this company’s pipe and tube bending 
and flaring equipment. 


Valves. Bartlett Hayward Div., Kop- 
pers Co., Baltimore, Md.—Bulletin 808— 
4 pages describing Type AR all-iron 
gate valves in sizes from 5 to 48 in. 


Valves. Crane Co., Chicago, Ill.— 
Form AD 1420—12 pages on small steel 
valves made in gate, globe, angle and 
check types in sizes to 2 in. 


Valves. Hancock Valve Div., Man- 
ning, Maxwell & Moore, Inc., Bridge- 
port, Conn.—Bulletin 5-7000—40-page 
book on this company’s steel valves, 
giving material specifications of all 
metals used and complete dimensions on 
all types. 


Vessel Heads. Lukens Steel Co., 
Coatesville, Pa. Catalog No. 1—‘‘Lukens 
Flanging and Pressing,” — 13i-page 
spiral-bound book on spun heads for 
Pressure vessels and other chemical 
process equipment, containing consider- 
able data never before published. De- 
scribes forming methods, all principal 
types of spun heads, gives list prices 
for forming, information on hand-holes 
and man-holes; includes numerous tables 
of useful information. 


Waste Treatment. Monsanto Chemi- 
cal Co., St. Louis, Mo.—16-page book 
entitled “Ferrisul,” devoted to the use 
of anhydrous ferric sulphate in the treat- 
mont of water, sewage and industrial 

astes, 


Welding. Metal & Thermit Corp., 120 
Broadway, New York City—vVol. 1, No. 
l, of a new periodical leaflet entitled 
“Welding Briefs,” devoted principally 
to interesting industrial applications of 
electric arc welding. 


Welding. Wilson Welder & Metals 
Co., 60 East 42d St., New York City— 
Booklet ADW-18—24 pages on this com- 
Pany’s are welding electrodes, designed 
for easy selection for all classes of work. 


X-Ray Data. St. John X-ray Service, 
Inc., 30-20 Thomson Ave., Long Island 
City, N. Y.—4-page leaflet of data re- 
lating to X-ray work, given for the 92 
elements. 
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KEMP ADSORPTIVE 


CONDITIONING OF GASES AND AIR i 


You can depend on Kemp Adsorptive dryers for dehydration 
of gases and air to any required degree down to the 
commercial absolute, -76°C. 


Available with single or twin towers for intermittent or 
continuous operation, standard Kemp units are built from 
10 to 100,000 c. f. per minute capacity to operate at pres- 
sure from atmospheric to 2,500 pounds per square inch. 
Activation of the Silica Gel is accomplished by gas, 


electricity, or steam as desired. 


Already well established in the Chemical, Steel, and Food 
Industries, Kemp Adsorptive Dryers live up to the 62 year 
performance record of Kemp Equipment. For a new Dryer 
Bulletin giving further details, address The C. M. Kemp 
Mfg. Co., 405 East Oliver Street, Baltimore, Md. 


KEMP of BALTIMORE 
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BLOWERS 


At right—Turbine-driven blast furnace blower; 


VOLUMES 


r.p.m. The turbine receives steam at 400 lb. 
gage and 700° F. and exhausts to a 28 in. 
vacuum. The governor holds the oxygen sup- tx oe 
ply to the furnace constant, compensating 
automatically for variations in atmospheric om 
pressure and temperature. 


85,000 cu. ft. per min. against 30 Ib. at 2800 Pe | i. Hy 


Below—Turbine-driven blast furnace blower 
to deliver 75,000 cu. ft. per min. of free air at 
60° F. against 30 Ib. gage at 3000 r.p.m. 


Above—Turbine-driven blast furnace blower on 
test at De Laval Works; 115,000 cu. ft. per min. of 
free air against 30 Ib. pressure. 


are built in all capacities required and for pressures up to 100 lb. per sq. in. 

The 115,000 cu. ft. blast furnace blower shown herewith is believed to 
be the largest yet built. The 85,000 cu. ft. unit, a repeat order, is installed 
with the 75,000 cu. ft. unit, which has given highly satisfactory service 
for the past three years. 


State your requirements so that our engineers may submit data 


on efficiencies and cost, together with catalog describing our most recent designs. 


3814 


DE LAVAL STEAM TURBINE CO. - TRENTON, N. J. 
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SEASONAL INFLUENCES WORKED AGAINST CONSUMPTION 
OF CHEMICALS IN APRIL 


eS of sulphuric acid in 
the manufacture of superphos- 
phates carries a heavy weighting in any 
consideration of total chemicals used 
within a given period. In the first 
quarter of last year, consumption of 
acid in that direction ran slightly over 
500,000 tons expressed in terms of 50 
degree acid. In the first quarter of 
this year such consumption exceeded 
600,000 tons. From April forward pro- 
duction of superphosphate normally de- 
clines. From trade reports this sea- 
sonal influence was felt last month. 
Unfavorable weather conditions served 
to slow up demand for paints and dif- 
ferent other products for which April 
usually brings a seasonal uplift. Hence 
seasonal influences, normal and re- 
versed, have worked against manufac- 
turing call for chemicals. 

Data at hand places the index for 
chemical consumption in April at 125 


Chem. & Met. Index for Consumption 


of Chemicals 

February March 
28.14 27.70 
Pulp and paper........ 17.83 18.28 
11.94 13.20 
Petroleum refining .... 13.26 13.55 
Paint and varnish..... 8.60 10.27 
Iron and steel....... 8.73 8.57 
10.93 11.17 
8.33 7.82 
Coal products.......... 8.04 8.36 
3.72 3.79 
4.53 4.41 
3.07 3.09 


129.69 132.76 


which compares with a revised index 
of 132.76 for March and with 113.91 
for April 1939. With the exception of 
the paint and varnish industry, de- 
clines in the rate of operation was re- 
ported for the major consuming plants. 
Some branches of pulp and paper also 


were reported to have made a favorable 


showing. The decline in textile pro- 
duction was checked in the latter part 
of April although silk plants have 
shown no signs of improvement. Latest 
reports credit a rise in steel outputs 
but the downward trend extended 
through April. Rayon mills have held 
a fairly steady program with staple 
production becoming increasingly im- 
portant as further plant capacity came 
into action in February. 

Many chemical plants continue to 
operate at capacity with outputs pass- 
ing directly to consumers; others have 
held unchanged schedules in order to 
build up a normal surplus of unsold 
stocks. Export inquiry has kept con- 
siderably above normal and continues 
to be important in influencing produc- 
tion schedules. 

The position of the chemical indus- 
try may be better understood by giving 
consideration to export trade as well 


as to domestic consumption. With the 


release of detailed figures by the De- 


partment of Commerce, it is found that 
outward shipments of chemicals and 


related products for the first three 
months of this year carried a valua- 


tion of $52,717,000 as compared with 
$31,427,000 for the corresponding pe- 


riod of last year. In other words our 

foreign trade this year has exceeded 

that for 1939 by nearly 68 per cent. 
According to the Monthly Summary 


of Foreign Commerce, exports of chem- 


icals and related products as included 
under Group 8 amounted to $18,780,000 
in March as against $12,553,000 in 
March last year. Details for the va- 
rious divisions were: coal-tar prod- 


Sales of manufacturers in March 
were 7 per cent higher than those re- 
ported for March last year according to 
data compiled by the Bureau of the 
Census in cooperation with the National 
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ucts, $2,539,755; medicinal and pharma- 
ceutical preparations, $2,722,292; chem- 


ical specialties, $3,802,233; industrial 


chemicals, $4,467,353; pigments, paints, 


and varnishes, $2,625,463; fertilizers 


and fertilizer materials, $884,283; ex- 


plosives, fuses, etc., $914,168; soap, 
$276,733; and toilet preparations, 
$547 ,602. 
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Association of Credit Men. Ten of the 
fifteen industry groups recorded im- 
proved sales conditions while four re- 
ported losses and one showed no change 
from March 1939. For chemicals and 
allied products, sales were given as 6.6 
per cent higher than in February and 
unchanged from those of March last 
year. 


Production and Consumption Data for Chemical-Consuming Industries 


March 
PRODUCTION 1940 

Alcohol, ethyl, 1,000 pr. gal........ 20 , 983 
Alcohol denatured, 1,000 wi. gal... . 9,524 
Ammonia, liquor, 1,000 Ib.......... 4,504 
Ammonium sulphate, tons......... 56,059 
9,952 
Byproduct coke, 1,000 tons........ 4,125 
Glass containers, 1,000 gr.......... 4,606 
Plate glass, 1,000 sq. ft............ 14,302 
Window glass, 1,000 boxes......... 1,107 
Methanol, crude, 1,000 gal......... 507 
Methanol, syn. 1,000 gal........... 3,463 
Nitrocellulose plastics, 1,000 Ib..... 1,090 
Cellulose acetate plastics, 1,000 lb. 

Sheets, rods, and tubes.......... 550 

Molding composition............ 1,104 
Rubber reclaimed, tons............ 18 , 266 
Steel barrels and drums, heavy.... . 851,912 
Steel barrels and drums, light...... 218,745 

CONSUMPTION 

21,685 
30,189 
Paint and varnish, sales, $1,000.... 31,592 
Rubber reclaimed, tons............ 17 , 560 


* Per cent of decline. 
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January- January- Per cent 
March March March of gain 
1939 1940 1939 for 1940 
17 ,438 62,020 49,155 26.2 
7,616 28 ,382 20 , 889 35.9 
4,034 13 ,845 11,539 20.0 
46 ,670 169 ,926 134 , 206 26.6 
371,946 1,259,027 1,017,334 23.8 
8,063 31,071 22 ,992 35.1 
3,439 12,849 9,883 30.0 
4,125 12,992 11,096 17.1 
11,867 44,734 34,241 30.6 
912 3,619 2,664 35.8 
365 1,411 1,052 34.1 
2,407 10,698 7,137 49.9 
1,315 3,345 3,287 1.8 
1,078 2,044 2,962 31.0* 
963 3,253 2,560 27.1 
14,528 57,773 41,384 39.6 
737,155 2,792,415 2,120,699 31.7 
215,209 671,364 536 ,661 25.1 


649,940 2,019,133 1,810,652 


37 ,863 73 , 676 111,898 
30 ,966 92,901 97 ,916 
27 ,801 95,914 83,651 
32,888 86 ,796 83 , 454 
15,322 52,265 40,948 


at 
in. 
to 
od 
ce 
11.5 
34.1* 
5.1* 
14.7 
27.6 
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oN WORKMANSHIP—GOOD SERVICE—FAIR PRICE” 


puaT 


Do you have your FREE COPY of this 
NEW 42-PAGE REFERENCE BOOK? It 
highlights A.S.M.E. regulations . . . gives 
valuable reference data . . fully illus- 
trates and describes Downingtown’ s mod- 
ern facilities and experience in plate 
fabrication. Just send a note on your 
letterhead to have all this at your 
fingertips. 


DOWNINGTOWN 
IRON WORKS 


DOWNINGTOWN PENNSYLVANIA 


6" x 2 
jar steel box 
dee 


Chrome-nicke! al- 
0 loy plate fabrica- 
tion to house a 
million-volt elec- 
trostatic genera- 
tor and x-ray 
tube at the 
Massachu- 
0 setts Institute of 
Technol. 
] Holds gas 
at high pressure 
(about 150 Ibs. 
Per square inch). 


One of 

six + 
with _fabri 
heads shell p ond 


arbon—are ( 1010), 


a DOWNINGTO 
F diameter, 


th 
— sich of chrome 18% 


6". 


Concentrator. 12' x 


1940 
TWENTY-FIFTH ANNIVERSARY OF SERVICE 
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SEPARATORS DRUMS ROLLS 
CLUTCHES BRAKES MAGNETS 
WILL HELP GIVE YOU 


MORE PROFITABLE PRO- 
DUCTION WITH BETTER 
ENGINEERED MAGNETIC 
PRODUCTS. 


STEARNS 
Magnetic 
Pulleys, 
improved, air- 
cooled, power- 
ful—for protection, purification 
or concentration—wide range 
of sizes or complete separator 
units. Bulletin 301. 


STEARNS Type “K” 
High Intensity 
Magnetic Separa- 
tors for high con- 
centration of ores, 
separating highly 
reluctant material— 
can be designed in 
multiple magnetic 
zones to suit type 
ef separation and capacity. Bulletin 
700. 


STEARNS automatic 
drum-type fully en- 
closed magnetic sep- 
arator, fast, positive 
protection against 
tramp iron is grind- 
ers, crushers and 
Bulletin 


— For separating 
Ww liquids or ma- 
terial in solu- 
tion containing 
impurities this 
Stearns Type 
“QS” Automa- 
tic Magnetic Filter will reduce 


your rejects. Ceramic folder. 


STEARNS Sus- 
pended magnets, 
circular,  rectan- 
gular and other 
shapes and all 
sizes. Our Bulle- 
tin 25-B describes 
fully. 

We will be glad to test your 


material, 25 to 50 Ibs. prepaid 
for analysis and recommendation. 


STEARNS MAGNETIC 
MANUFACTURING CO. 


629 S. 28th St. Milwaukee, Wis. 
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DOMESTIC PRODUCTION OF CHEMICALS INCREASED 
BY CHANGES IN FOREIGN TRADE 


ITH several of the important con- 

suming industries cutting down 
activities in April, demand for chem- 
icals was affected accordingly and 
while the industry has maintained a 
level appreciably higher than was in 
effect a year ago, it has not kept up the 
pace which marked activities in the 
earlier part of the year. In the latter 
part of April, more favorable reports 
were heard regarding the textile, paint 
and varnish, steel, and paper trades. 
Shipping instructions for deliveries 
against May contracts came to hand in 
large volume and the month got un- 
derway with the promise that some 
uplift was in progress. 

Production of chemicals continued to 
run ahead of the rate of domestic con- 
sumption aided partly by the call from 
foreign countries and partly by the 
fact that stocks at producing points 
had been practically non-existent at 
the beginning of the year and there 
was desire on the part of manufac- 
turers to build up inventories to a 
more normal basis. 

Prices for chemicals have shown no 
definite trend toward wide fluctuations 
in either direction. Contract prices 
for delivery over the second quarter 
were slightly higher in some cases but 
generally unchanged from those which 
prevailed for Jan.-March shipments. 
Trading in the spot market, however, 
has indicated that a strong undertone 
has existed and sales of many selec- 
tions for export, and in certain cases 
for domestic account, have been made 
at prices above the openly quoted con- 
tract levels. 

Prices for oils and fats have been 
affected by different influences. Oils of 
foreign origin have felé the effects of 
disturbed shipping conditions, higher 
ocean freights and increased insur- 
ance rates. At present the shipping 
situation is quite involved and values 
for palm, palm-kernel, olive, and China 
wood oils are more or less nominal. 
Domestic oils were firmer at the close 
of the period and tallow also has re- 
covered from its lowest price level. 

Export inquiry for chemicals is still 
important although the volume of in- 
quiries is not as large as it was in the 
latter part of last year. Producers 
have kept export buying from un- 
settling domestic markets by main- 
taining control over stocks and thus 
holding speculative trading to a mini- 
mum. A large volume of business for 
export is going through, nevertheless, 
and is restricted in some cases by lack 
of goods to fill all export inquiries. 
Hence export trade has been a factor 
in extending domestic production. The 
situation abroad likewise has influ- 
enced domestic production by the cut- 
ting down or elimination of certain 


imports. For instance, home _pro- 
ducers have been called upon to step 
up outputs to take care of call for such 
items as salt cake, caustic potash, 
chlorate of potash, and some of the coal- 
tar intermediates. In this connection 
it is of interest to note that imports 
of salt cake in March amounted to 
13,987 tons although imports for the 
first quarter were only 33,352 tons. 

To make up for the loss in imported 
chemicals, home producers not only 
have increased their usual outputs but 
new production has become noteworthy. 
New production of chlorate of potash 
and sulphate of potash has started 
since the outbreak of the war. A new 
plant for the manufacture of bichro- 
mates has been announced for Dela- 
ware. There are rumors that new 
production of bichromates also may be 
undertaken in the mid-west. Another 
announcement says that one of the 
potash producers is ready to enter the 
market with offerings of caustic potash, 
chlorate of potash, and possibly car- 
bonate of potash. These are typical 
cases where lack of foreign-made chem- 
icals has brought about enlarged pro- 
duction at home. 

Imports of chemicals and related 
products in March were valued at 
$6,681,000 and included some selec- 
tions which have been in limited sup- 
ply. Imports included 1,917,564 lb. of 
argols; 1,169,050 lb. of chlorate and 
perchlorate of potash; 4,537,417 lb. of 
cyanide of soda; and 6,920 tons of 
sulphate of ammonia. 

Acetic acid has practically dropped 
from import trade with only 90 lb. com- 
ing in during the first quarter of this 
year. No imports of tartaric acid 
were recorded for the quarter and the 
same holds true for copper sulphate, 
cream of tartar, potassium cyanide, 
nitrite and phosphate of soda. 

For the first three months of the 
year exports were valued at $52,717,000 
compared with $31,427,000 for the three- 
month period of last year. This means 


CHEM. & MET. 
Weighted Index of 
CHEMICAL PRICES 


Base == 100 for 1937 
98.71 


98.65 
97.27 


The greater part of current chemical 
movement is against contracts for 
which prices have been fixed for sec- 
ond quarter deliveries. Some spot 
trading is going through at prices 
above the open quotations. 
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that exports this year have run close 
to 68 per cent ahead of those of last 
year. In the coal-tar division dyes, 
colors and stains show a marked in- 
crease in the export trade, with ship- 
ments in the past quarter amounting 
to 7,841,345 lb. as against 2,127,730 
Ib. in 1939. Toluol was not listed sep- 
arately in the returns for last year 
but in the first quarter of this year, 
exports were 12,601,654 lb. In the 
chemical specialties division, copper 
sulphate is prominent because of its 
increased movement out of the coun- 
try, the three-month totals being 12,- 
705,260 Ib. and 4,940,980 lb. respec- 
tively. Industrial chemicals have had 
an important part in foreign trade with 
increases fairly general. In the first 
quarter of last year, exports of acetic 
acid amounted to 33,048 lb. while in 
the like period of this year, exports 
were 2,303,782 Ib. Acetone which has 
been a growing factor in export trade 
gained more rapidly this year with 
exports for the quarters being 7,106,- 
174 lb. and 3,793,549 Ib. respectively. 
Methanol was not shipped out of the 
country in a large way early last year 
but this year 923,796 gal. went out in 
the quarter. Foreign buying of sodium 
products has been large with a total 
of 158,856,851 lb. for this year and 
121,093,691 lb. for last year. Borate 
offers an exception to the rule with a 
rather sharp drop in exports. Caustic 
figures are 58,433,341 lb. and 42,459,126 
lb. Ash shipments were 33,664,171 Ib. 
and 21,048,465 lb. Bichromate and 
chromate jumped from 1,457,103 Ib. 
last year to 6,753,532 lb. this year. 

The National Fertilizer Association 
reports that tag sales for fertilizer 
amounted to 1,183,000 tons for April 
which represents a decline of 7 per 
cent compared with sales for April last 
year. For the first four months of 
the year sales have reached a total of 
3,999,574 tons as compared with 3,- 
993,587 tons for the comparable period 
of 1939. While economic conditions 
have generally been favorable for an 
increase in fertilizer tonnage, the de- 
cline in tobacco acreage in some of the 
southern states appears to have been 
a-vfactor in holding sales to a rela- 
tively low level. The drop in tobacco 
acreage also served to cut down de- 
mand for sulphate of potash. 


CHEM. & MET. 
Weighted Index of Prices for 
OILS AND FATS 


Base = 100 for 1937 


78.06 
70.85 
76.79 


Uncertainty about shipments has 
placed palm, palm-kernel, and olive 
oils in a more or less nominal posi- 
tion, Linseed oil failed to hold 
higher prices and other domestic oils 
are firmer. Tallow also has moved 
up in price. 


ERE is a new and decidedly better machine—the sturdiest, 
most compact and efficient Knife Cutter ever offered the 
Chemical and Process Industries. 


Outstanding among its unique features is the removable cover 
plate which has been placed in front of each stationary knife. 
This easily-removed cover plate allows the operator to inspect 
and adjust the clearance between the revolving and stationary 
blades while they are in their proper cutting position. 


This new knife cutter is readily adaptable to cutting, grinding. 
cracking, granulating, flocking, defiberizing and shredding a wide 
variety of plastic, tough or fibrous materials. 


. . « Just one of the many high-speed production machines we 
build for the Chemical and Process Industries. 


to Improve? 


Po 


ROBINSON MANUFACTURING COMPANY 
72 PAINTER STREET, MUNCY, PA. 

Kindly send particulars on your equipment 


CHEMICAL & METALLURGICAL ENGINEERING e MAY 1940 e 387 


You'll get plenty of ACTION— : 
want 
What Operation do you 
GRINDING 
CRUSHING RMMER MILL 
CUTTING G PULVERIZE 8o 
PLASTICISING 
G 
ULVERIZIN 
CLEANING 208; Ng 
4 
CONVEYING Xe 3308 
MILLING N Io 
ARp, ND 
SIFTING Dy 
SORTING 


DURIRON Equipment for heating 


corrosive solutions 


Duriron Steam Jets 


Used to heat corrosive solu- 
tions by injecting steam di- 
rectly into the solution. They 
are made in two types—floor 
and wall—with different 
sized orifices for various 


capacities. 


Steem jets are used to dis- 
solve salts and dyes, to heat 
and circulate metal pickling 
solutions and to promote the 
absorption of gases in 
liquids. 


This picture was taken during the installation of Duriron 
equipment—heat exchangers, pumps, valves, pipe and 


Corrosive solutions can be heated with Dur- 
iron equipment by these methods: Direct 
Heating with Duriron Steam Jets, and Indi- 
rect Heating, applied either internally or 
externally. 


Internal heating units, such as Duriron 
coils and immersion heaters, are useful where 
dilution is not permissible in the solution. 


External heating units— Duriron Heat 
Exchangers — are used extensively in the 
heating of cleaning and plating solutions. 
Installations of two sizes of Duriron Heat 
Exchangers are shown below. 


If you have a problem in the heating of a corrosive 
solution, it may be solved by the use of either stand- 
ard or special Duriron Equipment. We shall be 
glad to assist you. 


Duriron No. 6-025 Heat Exchanger, including pump not 
shown, handling a plating solution in plant of Ames 
Plating Co., Chicopee, Mass. 


Coils are made of Duriron 
pipe and fittings. Standard 
sections are joined by weld- 
ing to form the desired 
style. The welds are acid- 
resisting. 


Immersion tubes are used to 
heat small, deep tanks or 
comparatively wide, shallow 
tanks. Made in the straight 
“bayonet” type and the 
“ell” type, as shown. 


fittings—for the handling of cleaning solution used 
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Courtesy Frederic B. Stevens, Inc. 


prior to plating. Similar equipment, not shown, was 
also used for the plating solution. 


e MAY 1950 e CHEMICAL & METALLURGICAL ENGINEERING 


Coils 
| 
ANY, 
| THE DURIRON COMPANY, Inc. 


INDUSTRIAL CHEMICALS 


Current Price 


Ammonium 
tech., casks, Ib 


Acetone, drums, lb 
Acid, acetic, 28% 


Glacial 99%, drums........... 


U.S. P. reagent. 
Boric, bbl., ton.. 
Citric, kegs, Ib.. 
Formic, bbl., lb.. 


Gallic, tech., 
Hydrofluorie 30% carb., Ib. 


Lactic, 44%, tech., 


light, bbl., Ib. 


Muriatic, 18°, tanks, cwt...... 
Nitric, 36°, carboys, 
Oleum, tanks, wks., ton....... 
Oxalic, crystals, bbi., Ib. ...... 


Phosphoric, tech., 


Sulphuric, 60°, tanks, ton 


c’bys., Ib.. 


Sulphuric, 66°, tanks, ton...... 
Tannic, tech., bbl., Ib. ........ 


Tungstic, bbl 


Alcohol, amyl. .... 


From Pentane, tanks, Ib....... 


Alcohol, Butyl, tanksIb........ 


Alcohol. Eth yl, 190 p’f., bol., gal. . 


Denatured, 190 
No. 1 special, 


roof 


al. wks... 


Alum, ammonia, Ib... 


Potash, lum 


Aluminum com. bags, 


Iron kg., 


Aqua ammonia, 26°, drums, Ib. 


tanks, Ib.. 


Ammonia, anhydrous, cyl., Ib. 


tanks, Ib. 


carbonate, powd. 


Sulphate, wks., cwt........... 


Amylacetate tech., 
Antimony Oxide, 


Arsenic, white, powd., bbl., Ib. 


Red, powd. kegs, Ib 
Barium carbonate, bbl., ton”... . 5 


Nitrate, casks, Ib 
Blanc fixe, dry, 


Bleaching powder, 
drums, cwt..... 


Borax, gran., bags, 


Bromine, es., Ib... 


f. o. b., wks., 


Calcium acetate, bags........... 


Arsenate, dr., lb 


Carbide drums, Ib............ 


Chloride, fused, dr., del., ton.. .|: 


ke, dr., del., ton. 


fla 
Phosphate, bbl., 
Carbon bisulphide, 


Ib. 


drums, ‘lb. 


Tetrachloride drums, Ib....... 
Chlorine, liquid, tanks, wks., Ib. . 


Cylinders 


Copperas, bgs., f. 


Copper carbonate. bbi., 


b., wks., ton. . 


Sulphate, bbl., cwt........... 


Cream of tartar, bbl., Ib......... 


Diethylene gly reol, dr., Ib........ 


Epsom salt, dom., 
Ethyl acetate, drums, 


tech., bbL, ewt. 


Formaldehyde, 40%, bbl, 


Furfural, tanks, Ib 


Fusel oil, ref. drums, Ib......... 


Glaubers salt, bags, cwt......... 


cerine, c.p., drums, extra, lb. . 


White, basic carbonate, dry 


casks, Ib...... 


Red, dry, sck 


Lead acetate, ~ crys., lb. 


Lead arsenate, powd., 
Lime, chem., bulk, 


Litharge, pwd., 
Lithophone, b 


bag, 
ton errr 


tech,, bags, Ib. . 


07 4-30.08 


$0. 
2.23 — 2.48 


8.43 — 8.68 


10.25 -10.50 


106 .00—111.00 
20- .23 
10}— .11 

1.00 

0s .08 
.06 
05 .05 

18.50 —20.00 
.12 
‘074-1084 

-118.00 -...... 

54- .56 

-034— .04 
.04 

1.15 — 1.40 
1.60 — 1.70 
-02}- .03 
-02- .023 
08 - .12 
03 .03 
17- .18 

92.50 -57 .50 

79.00 -81.00 
09 .10 
03}- .04 

2.00 — 2.10 

43.00 -...... 
30 - .32 

'06}- 
04-105 

21.50 -—24.50 

.}23.00 —25.00 
-07}-— .08 
05 .06 
-04}- 

-054- .06 
1.84 — 1.87 

18.00 -19.00 

4.60 — 4.85 
-22- .23 

1.80 — 2.00 
-054- .06 
-146- .17 
-95 — 1.00 
-12}-...... 
- 12 
[11 

-036—- .04 
.06}- 


Last Month 
$0 .074-$0.08 
2.23 -— 2.48 
8.43 — 8.68 
10.25 —10.50 
106 .00—111.00 

.23 
-90 — 1.00 
.07 - 
.064— .06 
05 .05} 
18.50 -—...... 
.12 
.073— .08} 
54- .56 
.04 
.03 .04 
1.15 — 1.40 
1.30 — 1.55 
.03 
.02- .023 
09 .12 
a. 
.03 — 
.16 
52.50 -—57.50 
79.00 -—81.00 
.07 - 
.033- .04 
2.00 — 2.10 
43.00 -...... 
.30- .32 
06 — .063 
04% .05 
21.50 -—24.50 
3.00 -—25.00 
.07}-— .08 
.06 
.05} 
.06 
1.84 -— 1.87 
17.00 —18.00 
10- .16} 
-60 4. 
-22- .23 
1.80 — 2.00 
.06) 
16- .17 
95 -—-1.00 
123%—...... 
.12 
.11 
8.50 -...... 
.064 
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The accompanying prices refer to round 
lots in the New York market. 
is the trade custom to sell f.o.b. works, 
quotations are given on that basis and 
are so designated. Prices are corrected 


to May 14 
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Methanol, 95%, tanks, gal....... 

Nickel salt, double, eee 
Orange mineral, csk., 
Phosphorus, red, cases, Ib....... 
Yellow, cases, Ib.............. 


Potassium bichromate, casks, lb. . 
Carbonate, 80-85%, calc. csk., 


Chlorate, powd., Ib........... 
Hydroxide(c’ stic potash) dr., Ib. 
Muriate, 80% bgs., unit....... 
Permanganate, drums, lb...... 
Prussiate, yellow, casks, lb... .. 

Sal ammoniac, white, casks, lb... 
Salt cake, bulk, ton............. 
Soda ash, light, 58%, bags, con- 

Denes, 
Soda, caustic, 76%, solid, drums, 

Acetate, works, bbl., Ib........ 
Bicarbonate, b 
Bichromate, casks, Ib......... 
Bisulphate, bulk, ton. ........ 
Bisulphite, bbl, Ib............ 
Chlorate, kegs, Ib............. 
Cyanide, cases, dom., Ib....... 
Hyposulphite, bbl., ewt....... 
Metasilicate, bbl., 
Nitrate, bulk, 
Nitrite, casks, Ib............. 
Phosphate, tribasic, bags, Ib. . . 
Prussiate, yel. drums, Ib....... 


Silicate (40° dr.) wks., cwt..... 
Sulphide, fused, 60-6276, dr. Ib. 
Sulphite, erys., bbl, Ib........ 
Dioxide, cyl., ib 


Zinc. chloride, 
Carbonate, bbl, 
Cyanide, dr., Ib 
Zinc oxide, lead free, bag., Ib. . . 
5% lead bags, 

Sulphate, bbl, 


— 


SBR 


to 
bo 


OILS AND FATS 


Cottenness oil, crude (f. o. b. mill), 

Linseed oil raw car lots, bbl., Ib. . 

casks, 


"gal.... 
Manbaden, light 'pbl.; ib. 
Crude, tanks (f. o. b. factory), 


Oleo stearine, 
Red oil, distilled, d.p. 
Tallow extra, loose, lb 


1940 e 


He 
| 
CS Last Year GY 
| Me | 
10.25 -10.50 ow, 
11 
| 1-05 -.... 
.05 - .05} 
18.50 -20.00 
.12 
13.00 -...... 
Current Price | Last Month | Last Year 
| .40- .45 
| .40- .42| .40- .42 .40- .42 
18- .25 18- .25 18- .25 
.09 .08j- . .09 .09 
| .04 
| .06}- .07 .063- .07 | .06}- .07 
| 1.15 1.40 10- .123 10- .12 
| 1.30 — 1.55 .07 — .073| .07— .07% 
.02 — .023 “Ost .06 .06 | .C5}- .06 
.16 .18}- .19  .19 | .18}— .19 
-044- .16 15- .16 15- .16 14- .15 
.05 - .06 -054- .06 — 
08 .12 1.00 — 1.05 | 1.00 — 1.05 | 1.00 1.05 
~. 123.00 ~......123.00 —......13.00 -15.00 
| 1.05 —......] 1.05 -......] 1.05 —...... 
| .15% .16 
52.50 -57.50 | 2.30 — 3.00 | 2.30 — 3.00 | 2.30 - 3.00 : 
79.00 -81.00 | .04- .05 .04- .05 .04- .05 
.07 -— .08 | 1.70 — 2.00 | 1.70 — 2.00 | 1.70 — 2.00 Es 
.03}- .04 | .07 .06j— .07 .C6j- .07 
2.00 - 2. C3i- .04 
|48.00 -51. 
1.65 - 1. .08 
.063- 40 - 2.50 
.05 20 - 3.20 
121.50 -24 45 -...... : 
123.00 -25 .07 
.07}- 10 -...... 
| 2.96 —...... .03 
.053- .06 O2i— 
[15.0 ~16.09 03 - 
4.35 — 4.60 60 — 3.00 
1.80 2.00 05-— .06 
-053— .06} 33 - .35 
06}-...... 
.12}- .14 O6i—...... 
-95 — 1.00 .064—-...... 
.75 — 3.00 
be ack | .064-...... 
1103 Current Price | Last Month Last Year 
| 8.50 -...... 
.05 Castor oil, 3 bbl., Ib... ........./$0.11}-$0.12 |$0.114-$0.12 $0..08}-$0.10 
| = .063 Chinawood oil, bbl, Ib..........] .24-......] 
Coconut oil, Ceylon, tank, N. Y., ieee 
Corn oil crude, tanks (f. 0. b. mill), ins 
Rapeseed oil, refined, bbl., gal....] 1.05 -—......| 1.00 —..... 


Standard Naphthalene Products Co, 


Chem. & Met.'s Weighted Price Indexes 


108 125 
CHEMICALS 120 OILS AND FATS 
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§ 70 | 
J ASONDJFMAMJJASONDJFMAMJJ ASANDUFMAMJJASOND JFMAMJ J ASONDIJFMAMJJ ASONDUFMAMJ JASONDIJFM MAMJJASOND 
100 ~ 
— ALL COMMODITIES § 105 NON-FERROUS METALS 
8 95 Paes BUREAU OF LABOR STATISTICS ‘100 ENGINEERING AND MINING JOURNAL /NDEXES 
Sa 
—-1940 — 
75 i940" “$1939 70 
i + 
65\"c5 Feb Mar Apr May June July Aug Sept Oct Nov Dec. °° Jan Feb Mar Apr May June July Aug. Sept Oct Nov Dec. 
Coal-Tar Products Miscellaneous 
Current Price | Last Month Last Year Current Price | Last Month Last Year 
Alpba-napthol, crude bbl., Ib.....|$0.52 -$0.55 |$0.52 -$0.55 |$0.52 -$0.55  Barytes, grd., white, bbl., ton... . |$22.00-$25 . 00|$22. 00-$25 . 00 
Alpha-naphthylamine, bbi., Ib.... .32- .34 .32- .34 .32- .34 Casein, teab., BDL. TD. li- .13 .11 
Aniline oil, drums, extra, Ib......| .15- .16 15- .16 -15- .16 China diay. dom., f.0.b. mine, ton.| 8.00 -20.00 | 8.00 -20.00 | 8.00 -20.00 
Aniline, salts, bbl., Ib. .......... .24 .22- .24 -22- .24 colore 
Benzaldehyde, U.S.P.. Ib....| .85 - .95 85 - .95 85- .95 arbon gas, black (wks.), lb. .028- .30 .023- .30 024- .30 
Benzidine base, bbl., Ib -70- .75 .70- .7 Prussian blue, bbl., Ib......... .36 - .37 .36 - .37 .36- .37 
Bensoic acid, U.S.P., kgs., Ib.....) .54- .56 54- .56 54- .56 Ultramarine blue, bbl., Ib...... 10- .26 
Benzy! chloride, tech., dr., Ib... . -238- .25 .25 .25 Chrome green, bbl., Ib........ .214- .30 .214- .30 
Benzol, 90%, tanks, works, gal...| .16 -...... -16- .18 16- .18 Carmine red, tins, lb.......... 4.85 - 5.00 | 4.85 - 5.00 | 4.00 - 4.40 
Beta-na rthol, tech., drums, lb .23- .24 -23- .24 .23- .24 .75 - .80 -75 .80 .75 - .80 
Cresol, U.S.P., dr., .084- .10 .10 10- .11 Vermilion, English, bbl., Ib. ...| 2.46 - 2.50 | 2.85 2.90 | 1.58 1.60 
Cresylic acid, dr., wke., gal 58 - .60 58 - .60 69 - .71 Chrome yellow, C.P., bbl., Ib..| .154] .153| 154 
Diethylaniline, dr., 2 Se ae 40- .45 40 - .45 40- .45 Feldspar, No. 1 (f.0.b. N.C.), ton .| 6.50 -— 7.5 6.50 — 7.50 | 6.50 — 7.50 
Dinitrophenol, bbl., Ib......... .25 23 .25 -23=- .25 Graphite, rey lon, Ib.. .06 - .064) .06- .064) .06- .06) 
Dinitrotoluen, bbl., ie .16 .16 1- .16 Gum copal Congo, bags, Ib...... 08 .30 .30 .06 - .30 
Dip oil, 15%, dr.. gal .23- .25 - .23- .25 Manila, bags, .09 - 15 .14 .09 .14 
.27 .32- .36 - .36 Damar, Batavia, cases, lb... .. 10- .22 10 - .20 .08 .24 
50 .55 50 - .55 .50- .55 18 - .60 18 - .60 .18}- .60 
Naphthalene, Make, bbl., Ib. .07 .07 .06 Kieselguhr (f.0.b. N.Y.), ton..... 50.00 -55.00 [50.00 -55.00 |50.00 -55.00 
Nitrobenzene, dr., Ib......... os - .09 08 - .09 - .09 Magnesite, ton. . 50.00 -...... 
Para-nitraniline, bbl., Ib......... A7- .49 47 - .49 47 - .49 Pumice stone, lump. bbl., ‘lb. .05 - .07 .05 .08 .05 - .07 
Phenol, U.S.P., drums lb......... Imported, quan, .03 - .04 .03 - .04 03 - .04 
Resorcinal, tec kom. 75 - .80 -75 - .80 - .80 lac, orange, fine, bags, Ib... .. 
Salicylic acid, tech., bbl., ib... .. - .40 - .40 .40 Bleached. 
Tolidine, bbl., Ib.......... aoe .86- .88 .86- .88 .86- .88 met o.b. Vt.), bags, ton. .|10.00 -12.00 |10.00 -12.00 |10.00 -12.00 
Toluene, drums, works, gal. ..... Talc. 200 mesh (f.0.b. Vt.), ton. .00 - 8.50 .00 8.50 | 8.00 8.50 
Xylene, com, tanks, gal......... 300 mesh (f.o.b. Ga.), ton. .... 7.50 -10.00 | 7.50 -10.00 | 7.50 -11.00 


WISHNICK-TUMPEER, INC., New York, has 
appointed C. A. Hemingway manager of 
its office in Cleveland. 


THE CLEVELAND CRANE & ENGINEERING 
Co., Wickliffe, Ohio, announces that the 
Cleveiand Tamrail Erie Co., its distributor 
in the Erie, Pa., territory, has moved to 
1731 Oxford St., Erie. H. Nelson is 
manager of the office. 


Ropins CONVEYING Bett Co., New York, 
has moved its offices to Passaic, N. J., 
where a _ three-story office building has 
been erected near the company’s plant. <A 
sales office will be maintained in New 
York at 70 Pine St. 


Rip-O-Motu Corp., Kearny, 
been organized for the 
paradichlorobenzine. A. 


N. J., has 
manufacture of 
Weiner of the 
is presi- 


dent of the new corporation. 
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Industrial Notes 


KRU MBHAAR 
Kearny, N. Y., 


CHEMICALS, INc., South 
has appointed D. H. Litter 


has awarded contract for a new plant which 
will produce light oils and motor fuel. 


Co., Inc., as sales agents for its modified 


phenolic resins. 


GENERAL ELeEctTrIc ( 


EAGLE-PICHER Sates Co., Cincinnati, 


has 


appointed Otto Hense sales manager of its 


‘o., Schenectady, N. 


Y., has transfered Chester H. Lang from 
manager of advertising and sales promo- 
tion activities to manager of apparatus has 


sales. 


F. J. Stokes MACHINE Co., Philadelphia, 


pigment division. 


Srroock & WITTENBERG CorpP., New York, 
appointed 


the C. W. Hess Co., De- 


troit, as sales representative in Michigan. 


PITTSBURGH IRON & Coke Co., Pittsburgh, 


reports that its molding equipment repre- has appointed R. W. Greeff & Co., New 
sentative in the metropolitan district, A. C. York, as its representative for the Sale of 
Wiebe, has moved to 103 Park Ave., New sal ammoniac and anhydrous sodium sul- 
York. phate. 


INTERCHEMICAL CORP., 


formed an export 


foreign sales efforts. C. 


charge of the 


PHILADELPHIA COKE 


e MAY 


division 


new division. 


New York, has 
to unify its 
A. Richards is in 


Co., Philadelphia, 


1940 e 


THe INTERNATIONAL NICKEL 
York, will add an additional electric heat 
treating furnace and other equipment to its 
plant at Huntington, W. Va., 
a new 


New 


and will erect 


unit for its chemical and physica 


laboratories. 


CHEMICAL & METALLURGICAL 


ENGINEERING 
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Two pro- 
tanks 
mounted end 
to end at an 
oil refinery. 
They are 8 
ft. 10 in. di- 
ameter by 63 
ft. 8 in. long. 


We are equipped to build pressure vessels in any size 
or shape to meet your requirements. Hortonspheres 
come in standard capacities up to 15,000 bbls. Vertical 
tanks are built up in the shop and shipped complete in 
capacities up to 1,000 bbls. ready to set up and use. 
Cylindrical vessels supplied to API-ASME specifica- 
tions; those requiring x-raying and _ stress-relieving 
shipped from Birmingham. Write for quotations. 


A 1,000-bbl. uatnatens for 250 Ibs. and two 4,000 bbl. units for 
100 Ibs. per sq. in. pressure used to store volatile liquids. 


3318-165 Broadway Bldg. Sirminghes 


A battery of vertical pressure 

tanks holding 1,000 bbls. each 

designed for 50 Ibs. per sq. in 
pressure. 


Horton pressure vessels— 
whether spherical, spheroidal 
of cylindrical in shape—pro- 
vide economical means for 
handling and storage of gases 
of all types. There are no 
water seals to cause contamt- 
nation or to require heating 
and maintenance. 
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PROPOSED WORK 


Alumina Reduction Plant—Aluminum Co. of 
America, Gulf Bldg., Pittsburgh, Pa., plans 
to construct a second reduction plant at 
Vancouver, Wash. Estimated cost $3,000,000. 


Cellulose Plant—Burgess Cellulose Co., Ltd., 
c/o R, W. Hart, 350 Bay St., Toronto, Ont., 
Can., plans to construct a plant for the 
manufacture of cellulose and its products. 
Estimated cost $40,000. 


Chemical Plant—Morningside Chemical Co., 202 
Morningside Dr., Chattanooga, Tenn., is havy- 
ing plans prepared by Critchfield & Law, 
Archts. & Engrs., 809 Pine St., Chattanooga, 
for a 1 story plant. Estimated cost $150,000. 


Fertilizer Plant—Colonial Fertilizer Co., Ltd., 
c/o Arthur G. Hastings, 178 Atlantic Ave., 
Boston, Mass., plans to construct a fertilizer 
plant at Windsor, Ont., Can. Estimated cost 


Gypsum Plant— U. S. Gypsum Co., 300 West 
Adams 8t., Chicago, Ill., plans to construct 
a 1 story, 50x200 ft. addition to its plant. 
Estimated cost $40,000. 


Oil Refinery—British American Oil Co., Ltd., 
Canada Cement Bidg., Montreal, Que., Can., 
plans to build an addition to its oil refinery 
in Laval Co., Montreal E. Estimated cost 
$40,000. 


Oil Refinery—Petroleum Producers, Ltd., Cal- 
gary, Alta., Can., plans to construct an oil 
refinery. Estimated cost $50,000 


Oil Refinery—Texas Refining Co., c/o K. Kim- 
bell, 2330 Medford Court B., Fort Worth, 
Tex., has purchased the plant of J. D. 
Middleton at Greenville, Tex., and plans to 
improve and enlarge same. Estimated cost 
will exceed $40,000. 


Oil Tempering Plant—Midvale Co., Wissahockon 
Ave., Philadelphia, Pa., plans to construct 
an oil tempering plant. Contract for founda- 
tions has been awarded to Carter Paving Co., 
50th and Lancaster Ave., Philadelphia. Esti- 
mated cost will exceed $40,000. 


Paper Mill—H. Smith Paper Mills, Ltd., 407 
MeGill St., Montreal, Que., Can., plans to 
construct an addition to its mill at Joliette, 
Que. Estimated cost $40,000. 


Paper Mill—Southland Mills, Inc., c/o B. L. 
Kurth, Pres., Lufkin, Tex., plans to con- 
struct and equip a new unit at its plant. 
Estimated cost $6,000,000. 


Pottery Plant-—Central Pottery, Ltd., St. 
Johns, Que., Can., plans to construct a plant 
at Iberville, Que. Estimated cost $40,000. 


Powder Plant—U. 8. Navy Dept., Washington, 
D. C., plans to constrect a powder manu- 
facturing unit at the Naval Torpedo Station, 
Newport, R. I. Estimated cost $200,000. 


Pulp Plant—Bloedel-Stewart-Welch, Ltd., Port 
Albernia, B. ©., Can., contemplates the con- 
struction of a pulp and paper mill. Esti- 
mated cost $3,000,000. 


Pyrotechnic Plant—International Flare Signal 
Co., Ltd., Waterloo, Que., Can., plans to 
construct a pyrotechnic manufacturing plant. 
Estimated cost $50,000. 


Rayon Mill—American Bemberg Co., Blizabeth- 


ton, Tenn., plans to enlarge and build an 
addition to its plant. Estimated cost $650,000. 
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-———Current Projects. ———_Cumulative 1940 


Proposed Proposed 

; Work Contracts Work Contracts 

New England...... $200 ,000 $120,000 $240 ,000 $368 ,000 
Middle Atlantic. ... 40 ,000 1,880,000 7,765 ,000 3,317,000 
South. 11,835,000 14,565,000 
Middle West................ 40,000 190 ,000 6,725,000 2,490,000 
West of Mississippi.......... 6,120,000 1,990,000 15,375,000 11,261 ,000 
3,045 ,000 50,000 4,950,000 3,878,000 
3,310,000 190 ,000 6,055 ,000 390 ,000 
$13 ,595 ,000 $4,420,000 $52,945,000 $36 , 269 ,000 


Soy Bean Plant—Owner c/o Chamber of Com- 
merce, J. Carroll, Pres., Spencer, Ia., plans 
to construct a soy bean processing plant. 
Estimated cost will exceed $40,000. 


Sulphur Plant—Valley Sulphur Co., Lodi, Calif., 
plans to rebuild its plant recently destroyed 
by fire. Estimated cost $45,000. 


Starch Plant—Athens Cooperative Starch Plant, 
c/o I. Jalonick, Athens, Tex., plans to con- 
struct and equip a sweet potato starch plant, 
potato dehydration plant and by-products. 
Estimated cost will exceed $40,000. 


Tire Factory—Dixie Tire Co., 101 8S. W. First 
St., Miami, Fla., plans to construct an addi- 
tion to its plant, 


CONTRACTS AWARDED 


Alpaste Plant—Aluminum Co. of Canada, Ltd., 
Dominion Sq. Bldg., Montreal, Que., Can., 
has awarded the contract for the construc- 
tion of a plant for the manufacture of 
Alpaste, a pigment used by paint manu- 
facturers, at Arvida, Que., to Foundation 
Co. of Canada, Ltd., 1538 Sherbrooke St., 
W., Montreal, Que. Estimated cost $100,000. 


Asphalt Plant—Idaho Refining Co., Pocatello, 
Idaho, will construct an asphalt plant by 
force account. Estimated cost $50,000. 


Calcium Arsenate Plant—Cotton Poisons, Inc., 
0. ©. Behse, Mgr., Bryan, Tex., plans to 
construct and equip a cotton poison manu- 
facturing plant. First product to be manu- 
factured will be calcium arsenate. Work 
will be done by day labor. Estimated cost 
$40,000. 


Chemical Plant—Althouse Chemical Co., 500 
Pear St., Reading Pa., has awarded the 
contract for a 8 story addition to its plant 
to L. H. Focht & Son, Inc., Reading. Bsti- 
mated cost including equipment $40,000. 


Chemical Plant—Harshaw Chemical Co., 1945 
East 97th St., Cleveland, 0., has awarded 
the contract for an addition to its plant to 
James ©. F. Shafer Co., Caxton Bldg., 
Cleveland. Estimated cost $40,000. 


Creosote Treating Plant—Garrison Creosote 
Treating Plant, c/o ©. 8S. Jones, Pres., 
Nacogdoches, Tex., will construct and equip 
a creosote treating plant at Garrison, Tex. 
Work will be done by force account. Esti- 
mated cost $60,000. 


Factory—Canadian Industries, Ltd., Burling- 
ton St., Hamilton, Ont., Can., manufacturer 
of chemicals and fertilizers, will alter its 
plant. Work will be done with own forces. 
Estimated cost $50,000. 


Factory—Eastern Tablet Corp., (subsidiary of 
United Drug Co.) 1815 Bway., Albany, 
N. Y., has awarded the contract for a 2 
story addition to its plant to Thomas Mulcare 
Corp., 414 Mt. Auburn St., Cambridge, Mass. 
Estimated cost will exceed $40,000. 


Glass Factory—Armstrong Cork Co., South 
Second St., Millville, N. J., has awarded 
the contract for the construction of a glass 
manufacturing factory to Irwin & Leighton, 
Schaff Bldg., Philadelphia, Pa. Estimated 
cost $100,000. 


Graphite Plant—<Acheson Graphite  Corp., 
Buffalo Ave., Niagara Falls, N. Y., has 
awarded the contract for an addition to its 
plant to Walter S. Johnson Building Co., 
2532 Hyde Park Blvd., Niagara Falls. Esti- 
mated cost $40,000. 
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Pharmaceutical Manufacturing Plant—Andrew 
Jergens Co., 2535 Spring Grove Ave., Cin- 
cinnati, 0., has awarded the contract for a 
plant at Belleville, N. J., to James Stewart 
& Co., 230 Park Ave., New York, N. Y. 
Estimated cost $1,000,000. 


Plastics Factory—Fuller Brush Co., 3580 Main 
St., Hartford, Conn., has awarded the con- 
tract for a 1 story, 128x180 ft. factory to 
Robert G. Bent Co., 98 Edwards St., Hart- 
ford. Estimated cost $70,000. 


Plastics Factory—General Electric Co., 570 
Lexington Ave., New York., N. Y., has 
awarded the contract for a plastics manu- 
facturing factory at Pittsfield, Mass., to 
J. W. Bishop Co., 109 Foster St., Worcester, 
Mass. Work is under way. Estimated cost 


Pottery Plant—Canada Potteries, Ltd., 5 
Mackenzie King St., St. Johns, Que., Can., 
has awarded the contract for the construc- 
tion of a plant to Leopold Koy & Sons, 
Ltd., 197 St. James St., St. Johns. Esti- 
mated cost $40,000. 


Recycling Plant—American Oil Co., Grape- 
land and Crockett, Tex., has awarded the 
contract for a new unit at its plant to 
Fowzer Construction Co., Inc., M. & M. 
Bldg., Houston, Tex. Estimated cost $90,000. 


Recycling Plant—Coronado Corp., Continental 
Bldg., Dallas, Tex., has awarded the con- 
tract for constructing and equipping a re- 
cycling plant in the LaRosa Field of Refugio 
Co., to Gasoline Plant Construction Co., 
Second Natl. Bank Bldg., Houston, at $360,- 
000. Total estimated cost including machinery 
and equipment $550,000. 


Roofing Factory—American Asphalt Roofing 
Corp., 15th and Blue River Sts., Kansas 
City, Mo., has awarded the contract for 
a factory at Fort Worth, Tex., to T. 8. 
Byrne, Fort Worth Natl. Bank Bldg., Fort 
Worth. Estimated cost $250,000. 


Roofing Factory—Certain-Teed Products Corp., 
100 East 42nd St., New York, N. Y., will 
modernize and improve its roofing products 
factory at York, Pa. Work will be done by 
separate contracts. Estimated cost $250,000. 


Rubber Factory—B. F. Goodrich O©o., 1955 
Hunting Park Ave., Philadelphia, Pa., has 
awarded the contract for addition to its 
plant, including warehouse and office, to 
Hughes-Foulkrod Co., Schaff Bidg., Phila- 
delphia. Estimated cost $320,000. 


Soap Products Plant—Procter & Gamble Co., 
Cincinnati, O., has awarded the contract for 
a plant at Dallas, Tex., to H. K. Fer- 
guson Co., Hanna Bidg., Cleveland, 
Estimated cost $1,000,000. 


Fireproofing Warehouse—General Fireproofing 
Co., East Dennick Ave., Youngstown, 0O., 
has awarded the contract for a warehouse 
addition to its Logan Ave. plant to Gilmore, 
Carmichae & Olsen, 1873 Bast 55th St., 
Cleveland, 0. Estimated cost $150,000. 


Paper Warehouse—Hammermill Paper Co., 
Erie, Pa., has awarded the contract for a 
1 story, 120x140 ft. warehouse to Henry 
Shenk Co., 1115 Sassafras St., Erie. Esti- 
mated cost $40,000. 


Paper Warehouse—Smith & Ault Paper Co., 
Penn St. and Kings Mill Rd., York, Pa., 
has awarded the contract for a 2 story 
warehouse to Dietz A. Smith, York. Esti- 
mated cost $50,000. 
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